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(54) MAGNETORESISTIVE EFFECT ELEMENT, MAGNETIC HEAD, AND MAGNETIC 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetoresistive effect 
element with a large variation range in resistance, a magnetic head with 
the magnetoresistive effect element, and a magnetic reproducer with 
respect to a vertical conducting type magnetoresistive element having a 
pin valve structure. 

SOLUTION: In a spin valve type element, an interface insertion layer (32 
or 34), made of material with large spin dependent interface scattering, 
is inserted at a magnetized fixed layer (16) or a magnetized free layer 3tJK#>.S3<i~- 
(20) on the side of a nonmagnetic intermediate layer (18). In addition, ajg#JUS32 
when a nonmagnetic back face layer (36) is inserted in an interface on 
the side which is not in contact with the nonmagnetic intermediate layer, 
a spin-dependent interface scattering at an interface of magnetized 
fixed layer/nonmagnetic back face layer or at an interface of magnetized 
free layer/nonmagnetic back face layer is available, and the output can 
be increased. 
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«ia«a»si:Sft»i«a>iBiffii=»LTKSis<f*fij(=-fe> 
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2N&14*fc1JI£O#fl®A^<^TSBgt0A^2 nm*T?<D 

<aai= as I.X-C . ntaantmmm & & iM±iwiE«<b iai 

(=tttt fcftfc^i 1 *fcl* 2 l=IB« 

#«tt*IHJIt»LTl»>Ec^«©JHffi. fc-5LM*1tirfiEfl& 
<^T2§^OA^2 nm*T?0>{agl::a3lvC. HiTKfflHb 

m»Ji**tM*i9ffiia<ba*Jii=»i+?»!h.fcctti*« 

[BMuns] »fb;&a*<*!iM(=-:&fiH=ffl»s*ifcB 
tt#K**r*«fcH»jii. «<b*[Sj*<n»ai!ii=» 

(5LTS<b-r^fflEttf*lg^*-r-Sffi<bg*S<k. tittBtt 

mt&mmmm tmimts &mo> ? < t * t> 

«JE»K#ASl4s a (Fe) . =l/\*;Uh (Co) *5«fc 
Xf-y>T)\, (n i) 0)5 <kt, 2lg«$g$ 

St*3£i^frS25E^*fcl*3 5E#^l=. * OA (C 

r) . /<ti?<5A (V) . (Ta) . 

(Nb) . X*>vOA (Sc) . > (Ti) , T 
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(Ga) . >f;UV = 0A (Ge) . i?./Uzi=OA (Z 
r) , /\:7 = 0A (Hf) . -fvh'JOA (Y) „ n-0 
*^0A (Tc) . (Re) . JU^nOA (R 

u) . ovOA (Rh) . -f'JvOA (lrl./^v 
OA (Pd) . 6& (Pt) . ig (Ag) . & (A 
u) . (B) . 7/1/5-0^ (Al) , -f >S?0 

A (In) , (C) . ->U3> (Si) . XX (S 

n) . *;Uv"t7A (Ca) . X hP>fOA (S r) . 
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m (F) y»K3*tfcd>fc<fct,ia©5£ 
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BUTWtt4«tt#IS*t4MS4ifc. filfEfiB 
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H!lfE«SlSAgl*. » (Fe) DA (Cr) ,b£± 
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l*3 5ca>^T?fey. 2 5c^^(7>ig^lZ[i^ (Fe) $ 
5 OlH^JUi^, 3 5£^©ii^iriia (Fe) £ 

2 sj^^^tr^^-cfeor. -erotfir^QA (c 

r) . /N^v^A (V) . (Ta) . =.^"^ 

(Nb) , X^vOA (Sc) . (Ti) . V 

V*f> (Mn) . ft (Cu) . SIB (Zn) . tf'JOA 
(Ga) . fj^ — ^U (Ge) . y^J^^A (Z 
r) , /\7-0A (H f ) . 4v h'J^A (Y) , -x-^ 
*fOA (Tc) > (Re) , Af-OA (R 

u) . PvOA (Rh) . -f'JvOA (I r) , /^-:; 
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n) , ^jyU^OA (Ca) . X hP>f)A (S r) . 
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r) . /\-f/OA (V) . (Ta). 
(Nb).fl (Cu) . SfB (Zn) R.lfj}')OM. (G 
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iMNi) SO. lIS*%&±5li3^%islT#4;c4:* 
1 2*fcf*l 3fzBtta>BftttttRR 

Btt<*B***-*Blbffl»Bi:* «t<k*fil3b<nffla»l= 
ttKUrft1b a r«Btt(*n«ft'r«B1t:gAJIfc. B5E 
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£B4>RB&. «4rr«B«USKtt*R£:« 
TOIEBft»ftJa*Ha)Blffir=»LTI8SiE«:*ia«=-b> 

x«skCB«r«feAi=inBBs«ttttiiBi=«snic 
rftaw*. BRBAB**U 

BBBRBABI*. (Co) fe«lMift (F 

e) . =i/<;u h (Co) . — V*r)l (N i ) fr6>ft« 2 
5cfc& IMi 3 7c<0^#T*fe tj , 2 5c£-*a>»*(ciAa /< 
il/h (Co) SSOj^WU^, 3 7u^&0>ig^K 
lizi/<^h (Co) S2 5g^%tttttifeot, * 
W^PA (Cr) . /<:r-v>OA (v) „ £>£;u 

(Ta) % (Nb) . X*>vOA (Sc) % ¥ 

fXTi) , (Mn) . ffl (Cu) . ffiffi 

(Zn) . tf'JOA (Ga) . (Ge) % 

i>;Uz|-^A (Z r) „ t\-?-^d* (H f ) . -f * MJ 
OA (Y) % T^^fOA (Tc) . U-OA (R 
e) . ^f-OA (Ru) , DvW (Rh) . -f 1 J is 
OA (I r) . /\'7V-)A (Pd) . (Pt) . m 

(A g ) . # (Au) . ?Kp> (b) . r;u^OA 
(ad , -< >vOa (in), gust (o . y'j3> 

(Si). XX (Sn) . *;UvOA (Ca) % XhP 
>fOA (S r) . A^J»)A (Ba) . BX (O) . R 
* (N) *5J:tf7*R (F) *&«P*«cfcyR«**lfc 
1 a^Tu^S O. 1 jj^%£Lt3 ORT-%121 

[B*B1 6] B<b*ia^BB»l=-*fiJI=BI»**Lfc 
Btt(tH«*r*B<bBI»Bt. BfbJfrfiltfttfflBIMc 

BlbBBB £ IttEBJbg Afi <h: flMHIctttf- & *Lfcj«tt 
&g*P 8 1JI<t. **-r4B*«ft»*Hi:. 
fTEB««tSa*H<»Bffi(=»Lri8Sie«:*fiJlc-b> 

xB»*B«-r*fc»l=«EBft«tt»»Rfc«««lz 

l9EBftB»B^:fHBB<ba4H(D 5 

«JE»R»AJII*. a/^h (Co) fc«lM*ffc (F 
e) . =j/<;u h (Co) 4 -*v>r;U (N i ) ^&642 
7C&&IM*3 7C0>£'&-C 5 &y . 27c^o«a-(-f*a 
(Co) £5 0J9?%£U:d4K 3^*<D*M^lZlia 



(Co) S2 5^%^&^tfe^t, tCDtplZ? □ 
A (Cr) . /<tv^A (V) . *>£;U (Ta) . - 
*J (Nb) „ X;fe>v>OA (Sc) . (T 
i) . -*1s151s (Mn) . $ (Cu) RTS/\7-0<U 
(Hf) ^6ft*W < fcyB«**ifc'>«j:<i:t»1lia>7c 

z fc £*$f» <h -r &BflUS£»&BR7. 
[B*R1 7] ttlBBRWABf** a/<^h (Co) 
IZ, ft (F e) St/-^^;U (N i ) 36^&ft«»J:yai 

iR*#ifc*tt < <t 1 1 moiTtrnz o . 1 5 

[R*R1 8] B^*fiJ*<*HM(=-*Bll=B»**i/i: 
BttfrRefr-tf-ftRlbRBBJ:. Rfc*«i*<rt»BJMc 
»KLrB<b«r*Btt(tR**-r*B<bS*Bfc. ttE 
BflsBBB^mBB1baAB&a>micBlt&4ife9Mlttt 
£H4>RBl:. **rr*Bft«tt»*Bfc. 
ttEB»*tt»BR0)RRI=»Lri6BH«P*fill=-fe> 

x«ai*aB-r«fcAi=ttEB««st»*Hi=«*wi= 

mEBIbHBB ^ ffiEBIbg ABO) 5 *0>*tt < * 

fflrE»R»ABl*. --vH(Ni) fcSLMil* (F 
e) . □n>h (Co) % — ^>r;u (N i ) frbte* 2 

>TJU (N i) £50S^%JU±^. 3tc#&(D*S^IC 

li--/^r;u (n i) t2 5W%tt?Mtfcot, * 

(D4«lC^nA (Cr) % Aty^A (V) % -$»>^;U 

(Ta) % (Nb) % X*>vOA (Sc) . 5 1 

^(Ti) , V>^f> (Mn) . m (Cu) . 

(Zn) . tfU^A (Ga) „ ?)\,^-+>lx (Ge) . 
V>3-^A (Z r ) . A7-OA (H f ) % -f V h 1 J 
OA (Y) . T^^fW (Tc) % Lx-OA (R 
e) . ^f-OA (Ru) . PixOA (Rh) . U V 
OA (I r) . /^v^A (Pd) . (Pt) . $g 

(Ag) % # (Au) . ?KQ> (B) . T^5-0A 
(AD. -< >y^A (In).KI (C) , y'j3> 
(Si).XX(Sn). ^Jl/y^A (C a) . X hP 
>^0A (S r) . /<'JOA (Ba) . RB (O) . R 

x (n) (f) *^&«:*B«kya«*nfc 

*ft< t*j 1 aoTcm^o. i ji^%iaj:3 oK%ia 
T**^«dft^&tt*cfct««fr*BB«etjaB 

9] B<b*fil3&<RHM«c-*fiIlcHB*#tfc 
Btt<*H£*-r4B<bBB«t, B<b*|S]*<n»B*lc 
»S6LrBfc-r-BBtt*R**-r«B<be*Bfc. WE 
BlbllBB t SlEBfb g^I^: a>R(=ttl+ ^> titztmtt 

UfEBft«ttaBRa>Rffilc«LTRBEtt*R»c-b> 
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<7-;U (N i ) fc&lMJi* (F e) „ 3/N*;U h (Co) . 
— v*Ti\s (N i) A\t>3tf-527ci5-5L\!*375ro^^fc 

y. 2 7c^ro«#ic(ii* (Ni) £soji^%i*i±^ 

<?K 3 5c#&tf>i§£l::(±i* (N i) £ 2 5®?%tt& 
4tiboT. fj> (Ti) . V>#> (Mn) , ffiiS 

(Zn) . #UOA (Ga) . ? )\,^t U (Ge) . 
i?JU3-f>A (Zr) ~&.TS>\-? — ^i*. (Hf) A"£>fc-i> 

8*yi«*hfc'j>ft< tt iarojc«^ o. ugi^% 
jy.±3 ojf^%iaT^i;^&*^fc&c,t£ftgfc<fc-r.& 

[is^ii2o] mmmm ahi*. -v*r^ cn i ) 

(C. t* (Fe) (Co) fri6tiiZ>U&ym. 

«*tifc'>* < <kt. lH<D7ciit£ O. 5H^%JU±5l^ 

tt)SLTgtt:^&JS14(*K£^&Jaib£iiiJI<b. giJfE 

i*Bi»AJi£*rU 
SUIESS^AIil*. *Sg«igA<tt<D3:;fr§> (F 
e) (Co) S^tfeoT, -g-©*^. 0 

DA tCr) , /(f/OA (V) . £>*.>U (Ta) , 

(Nb) . Xi)>yOA (Sc) . (T 
i) . (Mn) . ffifS (Zn) . tf'J^A (G 

a) . fi\,1—*}U (Ge) , vJUa^A (Zr) . 
,\Z?-<t?M. (Hf) . -fyhy^A (Y) . t 9 
A (Tc) . U — (Re) . Jl/f-^A (Ru) . 

□ S>«!?A (Rh) , -f'J-^^A (I r) „ /\7^A 
(Pd) . 6& (Pt) . m (Ag) . & (Au) . /H 

□ > (B) . 7;US-t7A (A I ) , -Ov-^A ( I 
n) . gtlfi (C) . ->'J=J> (Si). TsX (Sn) . 
*Jk>OA (C a) . X hD>^-t7A (S r) „ '<>) 0 
A (Ba) . Hffl (O) . gift (N) &Zf7vm (F) 
*^4SSJ:yiJJ*tifc'J>4-<it 1«0>:/c3:£O. 
lETf-%)il±.1 OIBt^iaT^t^&A^fc-SCt^ft 

at-*- 



B1bBI«Ji <k fMBBIbS AM t a>H(=»lt & 4tfc»«tt 

x «ss £ a«-r s fc ft i=tn E^mfsttJa hi&k isam i= 

ttBWbll* B £ UfBKfl: g A JI0> ? *><*>'> * < 1 1 ^ 
*MuW*. s*B£JfAJi$£*rL. 

*HE»R»A«I*. *»«**nW>£*ST?**tt ( F 
e) -3/\'Ah (Co) ^4rfcot. ffl 
(Cu) SO. 1JS^%61±1 OJS^-%JaT*t#*A^ 

[IS*i!2 3] «ft*fii*«*HW(=-*fi»=B»**ifc 

»(&LTK<b"r*«it«Bi**-r*«<be*iit. me 

WbBSJi t fflSEi&fcS &fi i ftHKKlt &*ifcft«tt 
HfIfE«Sv»fiLS!iS^co^Slc^ LTKSSfc *fil(=-b > 

fitJSE5fi<b@*S t miBIBIb § AJiO 5 < t * 

B5SE*^tiAJll*. ttSflt&*<tM>$:£A-efe<&flfc (f 
e) -n/<;Ur- (Co) i6S4^fcoT. 
JA^WJftt LT??«L5-&I1$ 0. 0 3nmial1nm 
JUTO. ^7PA (Cr) . /^ixOA (V) . •S'i/^^U 

(Ta) . (Nb) . X*>vt7A (Sc) , ^ 

(Ti) . (Mn) , ffif,} (Z n) . ti >) 

0-U (Ga) , / f)V7 — ' 1 plK (Ga) . i>;U3— -t>A 

(Z r) . M7-OA (H f ) . -f h'JtJA (Y) . 
f^^-fOA (Tc) . U-^A (Re) - ;U^=:^A 

(Ru) . Pi?OA (Rh) . -f'JvOA (I r) . 
7^A (Pd) . A^ (Pt) . IS (Ag) . * (A 

u) „ /t-:a> (b) . t;us-0a (ad. -f 

A ( I n) . (O . v'J=l> (Si) .XX(S 

n) . *7U*>^A (C a) . X r-D>^^A (S r) . 

/<u«5a (Ba) , mm (o) . (n> ^.uwm 
(f) *^is)JEfi>8«fcys«**tfcu»Ef< t% -\mojcm 

[|R^*2 4] ffiS<b^lS)A<||^fl<)l--^lS)l=@®*tlfc 
tttt{*H**f««Hbffl*Wi:. «fc*fil*<*HBilJ|i|= 
»KLTK<b-r*«1HMR**-r*«<baSJit. SfJfE 
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siiiBffiitii^s t mmitm &mo> a %©'>& < t & ^ 

fJIB5*H!iAS(*. 85MSfi<<*'C>&2rU-C&4tt (F 
e) -3/<VUh (Co) I^T'fcot. ^<D4=I-»'i> 
LXft&L5 0 . 03nmKl±1 nm 

SITO. ffi (Cu) 3^&«:*»A<fflJHMlc»A*#ifcd 

[SMI2S] fMBttfcg*fl0ftemBtt<t>iaJIJ:& 
Lr^*^«<DSSlSlcI««LTffl (Cu) . & (Au) 
*><fctftg (Au) . *e.l=w*tf,(D3*.'J><f < 2flfrf> 

~2 4©lvr*i.*M OlCfEtS© 

[is*3S2 6 ] tmm 1 ~ 2 5©i*r*i* 1 oicfEts© 

Ke 

[IS*IS2 7 ] IS*«2 6gE«©8m^-v Kfctt*. m 

fs.&&t&mzm$s.mz gait s tifcw &©»*& y £ 

[|EIW©8MfflfcaftlUH 
[000 1] 

[SEBJJ©H-f *«Bfl(4. fflEmStaSftm^ 

Sft*art-*»©Ii*l«tt»*ilt*. c4t«fflL*feBtft^ 
[0 O 0 2] 

[«t*©ftffi] fit*, ttftlBttJK{tl=IBIt£*i.*:flttt«> 

j«{*i=*tL-c««B«)i=^is*-i±- -*-©t£u:$£±-r-&m 

T<Tt>*iT#fc. -?-©&, MfLt&tiilto&mT (Magnetor 
esistive effect element) *><BaiS£*U «JS-fe Vtfl:: 

■l=»«*sh..6Mft'^ K (MR^-v K) t UTAH** 

[0003] ifi*. ttftiaftiS{ta>/j*£ib • *s*<b*< 

fe -o x t * ^ u tb * y ffitt -S M R ^ V 

K^©*iftA<Si*c>T^.&«, 

[0 0 0 4] C(D<fc5'tcK8^lC«Lr, » (Fe) JI/ 
(Cr) IHp. f* (Fo) H/ffl (Cu) H©«fc 

m^*-fci:A<®^**tr^-i) (Phys. Rev. Lett. 61 
2474 (1988). Phys. Rev. Lett., vol. 64. p2304 (199 



[0005] ctu=*tL. amtms»m!*MswiM& 

sasi4®©-^ir.3t»/<-r Txmmz hub t r«<kt a 
i=*yja<bSR*tt'*. c*iic«fcy. #«i±b 

BES^*tfc 2 ^©ii«1±B©flHM5f[6]©*§*tfi«)fcfti££ 

s<b*-t±§c<ticj;o-c. *$ncaa«tfi:as*<f#f>*i. 
■5„ za&ota* 4zro>&mmit rxtf>'<)i>-? (spin 

valve) j tWlttiXl^&o (Phys. Rev. B, vol. 45, p 
806 (1992), J. Appl. Phys.. vol. 69, p4774 (1981)1? 
#88) . 

[0006] xe>/<;u^ii{g»itT'fia<b^ta?D$i*-S 

<b**lTt^4. L* N L, -e-©jaS«ta^b^l*^T?t 
8l2 0%*T?t?fey . BfEUSJg 1 0 OG b p s i (^f 
1St£y feUblcttfS-T ■SfcftlciiMlcS 

t^»*«tt«<b*S*-r*atft«fit»**WiM(i:«: 

[0007] «««fttja**^(=fct>Ti*, -tr>;*m5S 

^m^SI^^LTSFff^lSjIcgifrc I P (Current-in 
-Plane) SKOmmt, -b>^S35* jR^KSI=» LTl 
S^[Sll-3S"f' C P P (Current Perpendicular to Plan 
e) £>©«&£*<£>&<, f LT. CP PSJOlKfUStftja 
c i p&oareoi ofS*§&©jamiSta;£lb 
^£*t~<t©?8^A<fcy (J. Phys. Condens. Matter., 
vol.11. p5717 (1999)1?) . HftStS^b* 1 O 0 % 

omi&tt*it£X'i*tiii\ 

^SttTL^^CPP^©^!*, ±KAltS^£fflUfc 
t,©-t?&y. MUIOII.^ 1 1 . JMHROfrl^fctf 

^-y Kt LT©»Sl^tt$3l7=-rfc«)l=l*, ^t*> 

[0 0 0 8] 12 2 81*, XtfV/N'./l/^fliig^-f &CP 
PSfroaiSRStJtasmT^^iC^ir^-rBrSElT'fe^)., 

fi»=ss*i*. «a«fitsa^RM©s*B<)tfR«itii, n 

ElcaLfccfeai-. T«Piffi5 4ffl±i:, T%H1 2, 

s^jatt® i 4 . mtmmm 1 e . ifatt^raH 1 s . 
[0009] c*ie,©jii4, s^Mirii-r^r&M*^ 

<f-5. Ifbliil 6 ( rtf>Hj I*, 
»<b3ft«*HMi=-*fili:ai**<tfcattB-Cft*. * 
fc. «B<b££uli2 0 ( r^y— Hj I*. 
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[00 10] £C3A*. CO«fc5tf;*.fc: 

(*, AJLtt+tttm? &kmmm<m< xs^mm^ta 

Lxfctoir. Rffil=»l.TSl6*l5JI=a«Sf*i:. IH^ 

[oo 1 1] mz.it. m.mc i p«itt=ffi^rusis« 

jtOXfcfvAju c P P»itt=J8l*TRB 

[0 0 12] *SgBJJIi. A^.g>i$gCDS2i»IC&-3lxTfc 

* e >tss/ fc***4* * fc -s n £ -e+t-r 

ti3S^ISlt*ci:l=J;y. X t: >t&?ME^£-f -5>SP# 
<DSfitte£;gtt]fc{iI£-C?Jtlf. U-^TI±«lS^1bS$* 

s£gs £ n«-r & c t iz & a . 

[0013] raib@5tBfc-SiM*«HbgE&Ba>. 

iMrafn n £ & l & i**©#b i= . tmtenm m £ a 

*!.£.!:. JM;@^B/3Matt?S®B#ffifc-S>iM*HHbg 

#®. fc-&iM*t8ibeaB/2E»i4«®B^®i::. 
[0014] J8rtb@5iBfc-5iv*«HbaE£Ba><p 

A<fc3o 

[0 0 15] *5SBjmii. AvAN&fljSA^aiiOTiafEfc 

[0 0 16] t:bfc*>. *J£BJj<»§| 1 Ott9Mf&»jK£ 
^l*. JHb*(p)A<3IKB<J(c-^rS]|c@^*tT.fc«i1±i*K 
£*Tf •Siaib^Bi:. !Hb^(SjA<i1-ffl5ffiSI¥-lc^F5UT 



mitt&mti&mzmt&Mit&fiiMk. mmitmm 

<DHffll=» LTI»SlEJ5f *fi»=-b :/X«SISa**-*fc 

«<k. SiIfB«Mbll*B£SJfe«HbgfcB©5*> 
a>'>ft<&t.l"?:|ij&M*. iWKf¥AB£:£L. ttrtB*R 
!$ABI*. » (Fe) . 3><;^ (Co) ti&XS-vT 

yu (n n (D5*.o'>!tf < t*j2mmo>-&m$:»&jtm 

k-r&£&fr*>ti y . 2 5£^<0^^l=(*-?-O2|ili(7) 

m-^izittcD 3 aisrosttJTcm^ i^-r^t 5 HT%ia-t 
[oo 1 7] ±fe«fiEic«fe*T.if, xtf>«c#tfeiL^ii^ 

mmSSt^b^lii!lQ*1*-5C<tA<-C$S„ 
[00 18] c CT', fJfESRSABl*. 1lg^-BJa± 

3 nm)UT<ai?££:frr-&t0><!:-r-5C±: 
[0 0 19] SUBiHRfliABli. HMZBMblBttjl 

tinfB^ffitttpF^BiWl^®. &-5t>l±B5sB«<ba4B 

*T?©(aSI=fc^T. ffifEJB<b@5tBfc-5LMili5iai8<b 
S SB lc|S If P, ftfc =fc <D <fc ■$ •& c £ A<T? # ^ „ 

[0020] frtB»K#ABi±. mm.KMmm 

ST8B«E<bg SB©«If2^aE14*^B i: L T Ufll<7> 

iBffl^bs^s fc -a u^li^fIgB^s^be 4 b i-igit s c t *<t? 
[o o 2 i ] *«?fl<7)m 2 (DamistasaaufH 1 

I*. JHb^(SjA<HSB*)lC-^lS](C@**^fc{itt«:R^ 
^•r-5?l<bll3gBi:, «Hb73lS)A^SPia^(=»lSLrS 

t mmit gftit axm i^isit ^. *it= ^att&H'pBgB 
<t. £=rr -sffigustitsamigi:, iPifBamefitasBcD 

K® (- « L T ISSE'tf *IS] -tr ^ ji^-r -i> to 

lcg!ifBataiigfeta)^B(cSSlW(-}*8S*tLfc-»a>mffi 
<t. SfJfBffiUbHSBtitlfBJUbSSBwa^ro 
'>tf < ttL^HA^I*. s»BtfAB^*L, SdfBSfKtf 
ABIi. » (Fe) , =i/\VUK (Co) fc<fctf--;/>r7U 
(Ni) a>5*.<D'>J5f < £t,2«jS0>&lg£ei*7Efit<t 
■r-S2ic^*fcl*3 5c^l-. ?PA (C r ) . /<■)- 
V9A (V) . (Ta) . -*Z? (Nb) , X 

*>vOA (Se).f>>(Ti). T>*"> (M 
n) . ffi (Cu) , ffiSS (Zn) . *"')9A (Ga) . 
fjU-?-*,^ (Ge ) % vP>U3-fpA (2 r) . /\"7- 
(Hf) . -f-yh'J9A (Y) , ff^f9A (T 

c) , U-9A (Re) . /l/f-OA (Ru) , □v'? 
A (Rh) . -f'Jv9A (I r) , M'^v^A (P 

d) . g& (Pt) . il (Ag) . * (Au) . ^-Co> 
(B) , 7^5-9A (A I ) . -f>v9A (In). 
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mm (C) , vU3> (Si) , XX (S n) . Ail/v 
OA (Ca) . X hO>fOA (S r) . /^'JOA (B 
a) . (O) . ^ift (N) fccfctf?^ (F) rf)^ 

^%ia± 3 o Es^/o^T^^-r &&&& z>uz>^t&tt 

[0 0 2 2] ^B^tomacDfiSmStAa*^ 
i*. «ft*si*<*jia<nc-*fiji=Bi**#Lfcattti*i«t 

AH I*, ft (Fe) *<£*:-g>£$. -Tttfe*. 2tc&* 
(Dif^lCfift (Fe) £5 0%£Lt^L. 3^£LtCD£ 
&0)ii^(C(ift (Fe) £2 5%J2Lt$-r 

[0 0 2 3] ::t\ iftlEft (Fe) *><±*:&^&li* 
zj/<;u h (Co) . — ^>r;U (Ni) % ^pA (c 

r) . /^tvOA (V) . V>^f> (Mn) . Dy«)A 
(Rh).f^XTi), ^'J (Mo) . £ > 

Wf> (W) „ -^"^ (Nb) . $>*;U (Ta) % 
/^vOA (Pd) % (Pt) % (Z 

r) (Hf) ^bft^yiRiW: 

^<i:t1l05cimta)i:tl)C^^^§o 

[0 0 2 4] S/cl*. MfEft (Fe) *><±*:&^£l*. 

(Mn) . & (Cu) . U-^A (Re) . ;U 
f-OA (Ru) . />7V0A (Pd) % (P 

t) , m (Ag) % # (Au) frXSTfr^-^JU (A 

i) *^e>«:*»«fcya«**ifc^a:< M&<r>5tmz 

0. 1H^%)U±2 OlBT-%lslT*t?AV fc£lM*. X 
*>vOA (Sc) % Sffi (Zn) % ^'J^A (G 
a) % (Ge) . vJl/a"0A (Z r) . 

(Hf) . -f-vh'JOA (Y) . f^^fO 
A (Tc) . tKP> (B) % ^TVvOA (I n) . Stilt 

(C) % y'j3> (Si). XX (Sn) . 

(Ca) % X hP>f^A (S r) . /\*'J0A (B 

a) . um (o) . (f) SLismm (n) 

%JU_t1 0lBCT%JUT^t;tO£^£C£rf><^££o 
*»tt<*B**-r«B«;e*B^ SlfH^b@*S<bB«r 



6IJffiWbIlSil^»IfBK4bSSS0 3*><Z)'>ft 
< fctl^*L*M*. »K»ABS*U I5IE»K»AM 

i*. •ssflna*n*'C>fi*aa>tt (Fe) 

[0 0 2 5] *fc % *ftWa>B5 0>llt9UBtjL»BB?- 

<b-r*B1t(»K**-r*«<fc&*Bt. fMBttlbBBB 
£ OTSBIb e AB t <DBl=ttft &*ifc#«tt*B *BB 

**rr ^^mistasa^^i:. flHBBaittftftXBa 

<t. BEtt1bB»B£MBB1bAAB0>5*4> 
*ft<fc*^r*iAM*. ftBffAB«*U UNBBBft 

ABI*. ft (Fe) i^PA (Cr) k£±tiL&ft* 

^feot, ?pa (cr) o>^mmtfom*%VL± 

[0 0 2 6] *fc. *«IUl<D£6<Dttfti&ffi&AX? 
I*. fiWb*rtJ*<BBW(=-*fiil=H»**LfcBtt(*H* 
*t5«ftl»it, »<b*lR)3&<n»B»l=»J6L-CSC 
1b-r«Btt(*B«*-r«B1bBMi:« IMBttlbBSB 
^TOEaMbe*Bia>BI=Kf+&*Lfc#Btt4B*nB 

(cmE«ft«R»*Bi=«KMi=»»**ifc-»a>«a 

BBB1bBBB&meB1baABa>540) 
*tt<fctit^r*i*M*. 5*BltAB£*tL. nCBBB 
ABl*. ft (Fe) kttTVOJU (V) k£±f&ftk1r 
5&^*ot, /<tvOA (V) fl)t«36<0]B^% 

[0 0 2 7] *fc % *§£BA<Dm7<DM&&tK$)&m* 

it. B<b*ia*<mt«c=-*fi«=B»aF*ifc»tt»R* 

*-r*»<bH»Bt. »^b*fij*<n»«#(c«J6LT« 
fc?«B&*BC*'r«tt1b&*B4:» BBBIbBBB 
&mBB1be«B£:a>mi=K(t&4ifemttM4>BB 

*B*. BBB1bBBB&flrBB1baABa>5%a> 
<fctl^*iWl »BtfAB£*L. tQGBBft 
ABI*. ft (Fe) fc^)L>(ift (Fe) . 3A%h (C 
o) . — y>r;U (N i ) frt>UZ> 2 7t^^l^lt3 7z(D^ 
ftt?&y. 2 5c^^(Dii^lClift (Fe) *5 0J^^% 
£t±^<?K 3 7t^CDlS^lCfift (Fe) ^2 5^% 
^S4t?feot, WI^PA (Cr) , /N'fyO 
A (V) . ^>^;U (Ta) % -*Z> (Nb) . X^> 
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i>OA (Sc).fJXTi), T>^f> (Mn) . 
ffl (C u) . ffifB (2n) . f'JOA (G a) % >f;UV 
"OA (Ge) . yJl/a-OA (Z r) . A7~^A 
(Hf) . >T^h«;OA (Y) . f^^fOA (T 

c) . U-OA (Re) , il/f-OA (Ru) % Pv>0 
A (Rh) % >f'JyOA (I r) . /^v^A (P 

d) . aft (pn . a (A g ) . ft (Au) % ?rcp> 

(B) . 7il/5-0A (A I) % <f>y^A (I n) % 
StS (C) , y'Ja> (Si) , 7.X (Sn) . ±J\sis 
OA (Ca) „ X hP>^OA (S r ) . AUOA (B 
a) % Bf£ (O) . (N) fccfcl/^^m (F) 

448*y»R**ifc*ft<4t 1B<Dtc**0. 1| 
^f%Ja± 3 o B?%UTft4rTftftftftt * fc£ c £ s« 

[0028] MnaffBaaftiBttttB*?- 

4rr«iMbB&B£. tt1b*ftA<n»tt#lc»tSLT£ 
1b-r«Btt{tB£*r«B1beftBJ:. frfE*8<b@5iB 

Ail*. ft (Fe) &&lM*ft (Fe) . a/<JU h (C 
o) % n^>r;u (Ni) 2 5cfc&LM*3 tu<Z>^ 

ft-CfcU. 2 5c^fttf>ig£i::fift (Fe) S5 0I^% 
J2l-h**K 3 7c*ft<D«dl::l*tt (Fe) S2 5g^% 
t^tT^ot. *<D*K*PA (Cr) . /<-*-s>0 
A (V) % *>$;U (Ta) % (Nb) . m (C 

u) . BfB (Zn) &t/#'JOA (Ga) J&^«f£#jfr> 

[0 0 2 9] ::t\ H5fE5*££»ABf*. ft (Fe) lc 
-^<r;u (N i) £o. 1 B^%J2l±5B^%JSlT#t? 

[0 0 3 0] *^0l9(^I^gftM^ 

^■r*»it{»iB**-r*«<be4Bi:. mmitmmm 
t mtmit &&mt a>Bi=Bit $>titztmi£*m#mm 

k. £**«B«KttM*B&. mlfBfiBtaSftta^RO 
BBC:** L nSSHttSfrfiHc-fe >X«jHSiIBf *fc A 
l=IJIBitt««tt»*Blc«*M(=ft«**Lfc--»«)«« 
*«it. ttGtt1bBCftfcmGttfbBftB4>3%«> 

ttt^tLAM*. »Bt*AB&4ru utteain 

»ABI*. 3/\>h (Co) fc^lMift (Fe) . a/* 
Jl/h (Co) % — V>Tl\> (N i ) 2 5c&&LM& 

37c(D^ftT?&y. 2 5c^ft(DJi^lClir3y<;U h (C 
o) *5 OB^WiSLt*^ 3 5cdft0>*&lcli:3/<;i, 



h (Co) S2 5JS^%ft$4tfeot, ^CD4=I=^ 
DA (Cr) % /\>yOA (V) % *>*;U (Ta) . 
(Nb) . X*>vOA (Sc) „ (T 

i) , (Mn) . m (Cu) . ffiffl (Zn) % 

#U0A (Ga) % >f;uv-0A (Ge) . v^U=l-0 
A (Zr) . (Hf) . -f^KVOA 

(Y) . f^^fOA (Tc) . U~0A (Re) . 
f-^A (Ru) % PvOA (Rh) , -TU^OA (I 

r) . A^^OA (Pd) . fift (Pt) . ffi (A 
g) . ft (Au) . t£u> (B) % 7>US —OA (A 

I) . <>y^A (I n) . g£l?t (O . ->U=»> (S 

i) % XX (Sn) % ^yUvOA (Ca) % 7hn>f 
OA (S r) % /<«JOA (Ba) . Mm (O) % SH 

(N) J3«fctf7^* (F) ^6S6S«kyiR*hfc* 
fe<it1 «<7>7u*^0. 1 B^%Ul±3 OH^%lUT 

[0031] ^fc. o (DKRStSaftB*^ 

I*. Bfc*«A<*JlWI=--*ni=B»*ahfcattt(»B* 
4rr«ltfl:BBBfc« «<b*ipj*<rt»*#i=»eLTfc 
^b"r^«t14{*R^^^^>fiBt<bg^B<t. MfS^tibB^B 
fcfnBB0:attB^OBI=ttlt&alift:IHittftB4>BB 

■Bf=»LTIfiBBft*fiJI=-b>x«aitaB-r«fc» 

greiMbBm&mBatfl:aftBa>3«a) 

ABI** =i/<7Uh (Co) fe^>t>lift (Fe) % =i/<;u 

h (Co) % --/>r;U (N i ) *^b^>:^27cfe^)L^I*3 
TtCD^ft-efeU. 2 5c^ftCDii^lC[*ft (Co) ^50 
JS^%iU±*^. 3 7C#ft<D*&#IC|*» (Co) $25 
B?%4tS4*efcoT, fO)tl:^QA (Cr) % /< 
ty^A (V) % (Ta) % -^-^ (Nb) % 

X^Vv^OA (S c) . > (T i ) % V>^T> (M 

n) . ffl (Cu) (Hf) fr&tt«8<ft: 

ya«*tlfc*tt< it 1«fl07C**O. 1«T%tt± 

3 o i^j^Ttt^*^ & & * c ^ * »a t -r * . 

[0 0 3 2] ::t\ B«JIB*§ISABli. (C 

o) |C % ft (F e) &tfZL?4-J|, (N i ) frt>tjiZ>m& 

y i«* *ifc*ft < 1 1 1 a©*** o . iB*%a± 

5 B^- % lU T ^ tr t o> <t -T c ^ A< T? ^ « o 

[0033] 1 (Dfis^&st&aifft^ 

I*. «4b*ffl3ft<SJl»l=--*lP]lcB»*4ifciBtt*H* 
^"T^^^b®^^^. «fb*flA<rt»K#lc»KLTR 
^b-r^^14^R$^^^flS<beftB^. fftlBttlbBBB 
fcttlBfll1baAM^a>BI=Kft&*L/!:»ataftB4iBB 
ft*-r«ttft«ttttBB&. UUBBftSKSSBBO) 

lc|ffteiBR»ft»XB(=*ftMlctt8E«tLfc-»a)««E 
RCB1bBSM&ttBiB1bil«Ba>3««) 
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XMlt. -V*T)\s (N i) &£l>f;*f* (Fe) . 
h (Co) . -^<r;u (Ni) frizteh 2 jcfc£lMi3 
5c(D£ftT?&y* 2 7c^*(»S&^fi-^>r;u ( N i) 

(N i) ?2 5B?%tt^T?feot, ^(DtplZ? U 
A (Cr) , /<tvOA (V) . (Ta) . - 

(Nb) . X*>^OA (Sc) . (T 

i) . (Mn) . m (Cu) . ffiffi (Zn) . 

tfUOA (Ga) , ^b7-^A (Ge) . v)I/=l-^ 
A (Z r ) . (H f ) . ^ h'JOA 

(Y) . f^^fOA (Tc) % U^OA (Re) . 
f-OA (Ru) . OvOA (Rh) , 'Jv^A (I 

r) . /\*^vOA (Pd) . &ft (Pt) * B (A 

g) . ft (Au) . 7t-;p> (b) % t;us=oa (a 

I ) . >f>^A (In).ftl(C), v'JaXS 
i) . XX (Sn) . *ik>OA (Ca) . XhP>f 
OA (S r) „ A'JOA (Ba) . (O) % 

(N) ^ckl/^^m (F) frt>U&n&VM1R£titz'J> 

tz<t&A m&Ttmz o . 1 jg^%)U-t 3 o m^%^xr 
&m -r & * * & c t $ &m t -r & . 

[0 0 3 4] **l«a>«1 2 (D»ft«ffija**T 

*tt<±*lvr*i*Mi* 5»B»AB$*rU 1RIB9IBH9 
Alii, ^-/>tju (N i) &&lMifl* (Fo) . zi/^u 
h (Co) . — ^<r;u (N i) 2 7ufc£lM£ 3 

7zO)&&Vfo*>). 2 5c£*fttf>i»£{Cli» ( N i ) $50 
jB^F-%12Lh#*K 3 7t£&<DWi£lZl£& (N i) $2 5 
i^t^^tifcot, f5i> (Ti) , 

(Mn) . £f& (Zn) % ff'JOA (Ga) . >T>7- 
OA (Ge) . (Zr) S(/A7-OA 

(Hf) ^&«*8J:y»R*W:**< <t£ IHOtu 
f?§£0. 1 /^^%JU-t3 oil^%iaT^fr^ftfr£>£:£ 

[0 0 3 5] ::t% Siffij*K»AHl*. (n 

i ) lC » (Fe) M3/^h (Co) *^fc£S¥cfc 
5 m * % &L T & t? £ CO t ? £ C <t *< T?# £ o 

[0036] **^<ds 1 3 a>at«»ttia*^ 
<b-r*«tttwHs*-r««fte*Jii:. mBB<bB*B 



fc, tftiU tMB«fbH*Mfc«riE«{be*»a>5%a> 

xmit. a&m&#i*t>3Li5&r*&&ik (Fe) -3/< 

;uh (Co) l^tfeot, ^co^Jc. {?nA (c 

r) . /^v>0A (V) % *>*;U (Ta) % 
(Nb) . X2j>v>0A (Sc) . ^F^> (Ti) , 7 
(Mn) . £f& (Zn) % **U^A (Ga) . >T 

Jl/7^f)A (Ge) . y;i/3- OA (Z r) . 

A (H f ) . -f ^ h'JOA (Y) . f^^f^A (T 

c) . U-OA (Re) . Jl/f-OA (Ru) . Q^O 
A (Rh) % -f'JixOA (I r) % (P 

d) . 6# (Pt) . tB (Ag) . ft (Au) . ^CP> 
(B) , 5 "OA (A I ) % >vOA (In). 

(C) , v'Ja> (Si) , XX (S n) % *;u-> 

OA (Ca) . X hP>^0A (S r) . /<<J0A (B 

a) . mm (o) . mm <n> (f) 

%ia-bl ol^^%)UT^t;^ft^^^^c<!r$^a < t-r 

So 

[0 0 3 7] 4 0)iBft«8t»jRK?- 

Ci. Wb*ia*<*HMlc-*fiil=H»**Lfcatttf*Kt 
*-r*»1bB*Bi. «<b*rfi]*<^»a*(z»j£LTS6 

^b-rs^tti*^$*rs^<b^*^<t. uriBitibBm 
&meiiibBAJi&a)mi=ttit&4ifemttftB4>BJi 

KBI=»LTK*Ktt*lP»=-b>^«a*a«-r*fc«> 

six., mBttibB«B&*neaibaajio3«a) 

A»l*. MAiltfMAMrk«tt (Fe) -=»/< 
;uh (Co) S^tifeot, ^cD^lc. A (Cu) $ 
0. Ul : ? 1 %ia±l OJIT%WTti;^b^§^i: 

[0038] i£tz. s coaftstsas*^ 

I*. «<b*iSA<*JIMC=-»*fi]lcB»**Lfc«tt(*lB* 
^■r^a<bB^ll<b. »<b*fiJA<n»«»l=»KLr* 

E®lc«LTB§SiE/cf^[a]lc-tz>xa5J!$fia^Sfc^ 

<tr. «riBtt1bB*JI£:*nBflMbaABa>3«a> 

AM It* ISS«ti§*<»'D^*S^fc-5«3t (Fe) -=i/\- 
;uh (Co) S^tfeoT, ^(7)*iri*^Ji:^ffiigi: 

Lt#Sia§iJO. 0 3nmW±1 nmiaTO, ^7 
OA (Cr) . /N'tv^A (V) . (Ta) . 

-^"^ (Nb) . X^3>vOA (Sc) % (T 
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i) . (Mn) . S.fd (Zn) . tfU^A (G 

a) . ffrl-^J* (Ge) . v;b=I-OA (Z r) . 
/\7--)A (Hf) . -f-vMJOA (Y) , x^^^O 
A (Tc) . U-OA (Re) , ;l/ir-^A (Ru) . 

□ v«5A (Rh) „ -f'Jv^A (I r) . A7VW 
(Pd) . (Pt) , IS (Ag) . & (Au) , jtf 

□ > (B) . TVUS-^A (A I ) . f >yOA ( I 
n) , Stift (O , ->'J3> (Si) . 7,X (S n) . 
*;U->OA (Ca) , XhQ>m (S r) . /\*«JO 

a (Ba) . mm (o) . mm (n) st/^-v^ (f) 

[0 0 3 9] *^0>mi 6<J>JSmiget3«l^^ 

t. fJfE«<b@3tJI£lSiIfE»1biEfelI<D5*><D 

< t^THfrtt. mmwAmzmL, mmmm 

ASS I*. *§&«i£AM*'Lva;* l § i -Cfc-5» (Fa) 

(Co) ^##T?feoT, ^CD+(=i*<D^«it<!: 
LT#&L-5&I?£0. O 3 nmJUJll nmJUT<Ds ffl 
(C u) fr*tj:%mt<mMW~m*.£1xtz-£r&frZ>ti:Z 

[0 0 4 0] B!rlHWbg4)l<DtniH^{Stt*H 

mtteLxi^^moRmzmteLxm (c U ) . * 

(Au) &&lfm (Au) . *e.l=C*tP><D5*>'>'Ef< 

2 «fr £> 6 £&0>l^-f *vA^ e> -&S ®t$ AH A<iStf 

[0 04 1] *f§B^<Dffitm^-V Kl±, Sfj&LfcSS 

L. tt*«fc yt**SlcKl>iii*i£*#-i>ci:*< 

T-£.g>„ 

[0 0 4 2] *l6B^0)ffliSlS^S(i, C©SBS 

imjH»mi&<r>Km) kit, Eiffi$#BBLo-D*iEB^a) 

[0 0 4 3] *S&BJI<Dll86JB§sl::A^-5>llfUg 

tit5a*m : f-ro^a5Bi®«jt*ei]^-r-5«xti2!'c?&i>= * 
*ii2. i 4 . ^b@®fn 1 6 . $mit# 

mm^ 8. JHbgSH2 0. «liH2 2, ±91115 2 

saxm*. ±gpsa5 2tTffl5m«5 4ic^^*i. -t* 



[0044] m^Ltzm^mjimm^o'px^ jsms 

smt g a ® 2 o a>g&#-t? -5 , 
[0045] -f coas^icfc^ri*, ^e>» 

ILfci?i:»LT. xe>i:ft#Lfc*ft*<4i;. * 
e>«cS»fiA^T-i>. f LT, *S§BJl(c<fc*U*» JUT 

2 OK, Jtt^<D«»^e,^^3S^tiA®3 2&1/3 4$ 

<bS0>*£*Ht£ig*-£-t!\ ftffll-Wjtft&^itiiSS!© 

ffimetita^m^^iis-r a c * *<t ^ -5 „ 
[0046] -r^^*>, mm.^mm=i-(j>\h^[t. mam 
t$mt±mt<»&mx-(Dxt: (»®tkSD 

<toT*s*w, fir. mumtim&mto&m 
[00 4 7] aeicat^ • ^rt^ffofcig 

JHb@^Hl 6 -^fiBMbii E&I2 o <0— SP<t LT, 

[00 4 8] *£B;j|zfc^T»A-f a^KtiABKo^ 
Tli, ^lcHJ6^J$#ggLo-Di¥a-r'5 : t©i: * 
r. **B^<Dffi^»Ja5a^^S«jS^-^^tiJan<D=& 

[0 0 4 9] T«J®1 2li. ^OJKO^bgSH 

2 o^ibS^S 1 e<»i&&i±£?tim?$>mife J C 2* 

(£. Cr (^OA) ^**J4 0%#CJ:a*. Ni (— v 
T)\>) -Fa (») -Cr^*flf*Ct*«T'fl.. 

£3ifiBtSfeJI1 4t(DFa1(C. 0lJx.lfN i Fa, Ru OUt 1 
^-!?A) , Cu (ffl) «fif^f><f*®^}iALT : ti«fe 
IS 

[0050] S^JSttS 1 4 I*. jfflHbSjfg 1 6 <DMib 

zmm-tz&mzm-t&o ptMn <a^T 

. I r M n (-f 'J v50A"7>**» . PdPt 
Mn (/\7V-5ASt7Vtf» . N i M n A x t>^f 

$ffll>tIlbl€H 6a>tB<b£-*ia]C:@5rf -Set 
*«T^S. 

[0051] fflt<b@^Bi ewffilbS^a^^-hif'Sfc 

tf>i=ii. s^isttgi 4ti&itmmm-\ e^onc. « 

jam^*R3Sro*t^t LTI*, Fa, Co 
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l^:i:^t^l)„ *0>M&lZ. 0. 1-3 nm 

[0052] *tz. m%&&<pr$®k LTl*. Xt c >/< 

[0053] 3m&*pmmi sit. mtmm®^ etm 
<bg*g2 o tomn.m^^m^^m^mr^o £ 

tmimmm^e (iisa§3 2) ^^©^s^fi:: 
[0054] im&*mm 1 so^jn^ lti*. 

If. Cu (ffl) . Au Ag (18) . Ru out- 

-OA) . I r (>fUS>^A) % Pd (/^7vOA) % 
Cr (^PA) % Mg (7^y^A) % A I (7JU5 
-OA) . Rh (PvOA) „ Pt (£&) ft^fCffll^ 
^C<!rA<-C#^o *fc*<DRIW*. flfc<bea«2 0£1» 

«*30. 5-5 n m(D<Si§](- & ^ <t e£ LL\ 
[0 0 5 5] 1112 21^ ttft«tt»»H4)WI1*£ 

[0 0 5 6] W± % ttHLfc«>£X£4rr«HH£l 

<b@^JI1 6<D-gfl£ LT»R»AJI3 2£$fAL. 

<be a m 2 o a>-«& l xmmmxm 3 4 £«ait £ 

[0 0 5 7] £IT. l+*»Rtf AH 3 2. 3 

[0 0 5 8] @2 7bSEl5l±. *«qii®Sffi<DK8i::* 

[0 0 5 9] H2jC*Lfc«ft«tSja**^tt. Hlir 

»R»A«3 2£»AU R1baAR2 0a*Rtt4>n 
Hi 8 < b(D*ffi|ca»EtfAB3 4*#A-r^Ci:(cJ: 
iailc^LTfflaLfct,0>i:H«(D>a*A^^tt 

[0 0 6 0] *fc. H3(caLfc«««ttja»3E-^<D» 

mummm-i BAtmzomitammi 6Bi=*jit«« 



[0061] c(7>^^{r^i53EicaL^cfe5iw. mmw 

A«32. 3 4^ atbBSJtfi 6&iB1baaj|2 0i= 

[0 0 6 2] IB4lcKL«iHtftKtt»ai«Ta)« 

lt*Nt *3^SirSH LfcMI** & 
[0 0 6 3] H5l=SLfc»««aj»S*-?-<Da 
I1»AI3 2, 3 4mftlI^^2l^I 
tt*FK F 2 Lfc»BI*36^&**. 

[0064] *«9ja>«)Af*« uiTa>2aya>iRT-T« 

[0 0 6 5] f © 1 O^li, 0 2 6 Izm^Ltzk? kg 

mmnm+mmztrt-Zo sit, *<DiMi:/a-fexi::» 

[0 0 6 6] *-*\ S i (*>U3» &« (B^ts-T) 

±|CA I O x £5 O O nm/£RL. ^(D-tlC U ixX h 

PEP (PhotoEngraning Process) fZcfcUTff 
«854t(j:*»»(DL/yX h£RS£-f £o 
[0 0 6 7] R I E (Reactive Ion Etching) (c 

J:y UixX h<7>fcl^tt(7>A I O x £B**U Ta (5 
nm) /C u (400nm) /Ta ( 2 0 n m) 

[0 0 6 8] T»««*J^fillL&^ffl»T?l*A I 

O x 7b<S®{c£±S^<t 5 CMP (Chemical Mechanic 
al Polishing) T*W&it~1-& 0 ^(DJilcit^ X3 x 3 0 

t 3^6tt«/>— KR6 0£3 0 nmMLfco 
[0069] /^-V3>i70tlTS iO x * 
200nm«L, «*«fit»*BlMfl!> + A#ifilC3 > 
^^h/1x— ;U (O. 3/im*~3/im*) JRIEH 

**>S'J >^(cj:yBaPL/=o 

[0 0 7 0] ^0>^. -ta5^®5 2 (Ta (5nm) / 
Cu (400 nm) /Ta (5nm) ) tlft^'V K 

(Au (20 0 nm) ) SfffiLfc. 

[007 1] 2O#>0)fft^[i. (212 7IC^L^J:5^« 
ig^^-T^o T«M54fcCMPfett±ELfc^P 

L. ^#^fS]^ 2 |im^t> 5 /imttl:I^Lf:„ 
[007 2] /<?v"<— V3>I7 Otfe^S i O x $ 

2 0 0 n mftfiR L . b90 S^^rfS]IC 

1. 5 ftm^g 5 m^T?lC+>"-f X^^^Lfc e - -"C 

J: 5 ^Sfta)^ilMa>ll±|C % A u ^ 1 0 0 n m 
figggL. *<Dik. loA0)*?i:Hai:±8«a5 2t 
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IBS/*? KSfMfcLfco 
[0 0 7 3] Zft^lfmcoiNT. At&^&Zmi^T 

TfrtV ^^tdv- liBriST EM (Transmission Ele 
ctron Microscopy) S§i:tl$ J 2l, HiS^lcoi^T 
(i n - E D X (Energy Dispersive X-ray spectrcscop 
y) rBKfc. &tz. ^^^SOTcilCO^TEX 
A FS (Extended X-rayAbsorption Fine Structure) 

[oo7 4] jut. ^f*^(0B 1 7bmm4o>mmm 
tLx. mtmmmi e-ztzimitm&mzokimtt. 
*fism &t<DffiizftATt-zmmwxm3 2. 340^ 

3Efl:B»lco^r«WLfcl!*«BWt4. 
[007 5] (11 OSffiffi) HI 1 izm^ Lfc«»=» 

8 0 F e 2 oI^rilSAlCo 5 O F e 5 0 t 

T a ( 1 0 n m) 

N i 80 Fe 20 (5— x 



^iiJ!2 2 
mitm&m* oa>- 

n m) 

SSR»AB3 4 
ffBEtt4>IM 1 8 
RDIAI3 2 

I1b@tl1 6(7)- 
n m) 

EL&m&m 1 4 

»2T*I 1 2 
35 1 TttJB 1 2 



C050F050 (xnm) 

C u ( 3 n m) 

C050F850 (xnm) 
N i 80^620 (5— x 



P t M n ( 1 5 n m) 

N i F e C r (5 nm) 
T a ( 5 n m) 

50Btf>SJ5x£0 nm^&5 n m^£<b*1±fc1I» 

fI1 6ir»A£;K**Rt*AB3 2(DRff£. fiSrtbg 
E&B2 0(Cf$ A2*l£$*RJiAB3 40>mm$:l^1\*j 
IrJ IS x n mt Lfco 

[007 6] 0 6 14. «Sm<b*<D»R»AB c o 5 o 

1 /I m 2 fefc y OfSRftttfl: A A R ^itc 

[0077] rb*&. 9vnttAna>ji»£is^Lfc« 

^ IHO. 5nmM^bAARAWLte^ MR 

*H»ABA<fc*y»l*»dl*, 
(£&<b) 1= £ y pTtM^) C050FG50 *iPAi*< 

<D**©»$I*. SlC»lx»Rf*AB-C?feoTt*a^ 
JtiA#)& 0 



[0 0 7 8] J*RffABaRJXtfai*ttdu:f»&*i«A 

^■A *b*l£ 0 ffll, C o 5 o F e 5 o(*Ae>flc#/<;U 

[0 0 7 9] tt1tSABa>fltttfta>iVflOTAJB 
*£*af*»R»AB<&BfI£aL. «ttf*«^be*BO« 
[0080] B7*6. »R»AB*H< -r^^o^ir 

ftft^jH cft<J£*L. 1nmtlj150e (Ul/Xf^ 

K) MitL*3-tW*. fiB<bgftBtf>«}#;fci 

H»ABO>BI»=tt±«A<*r*. 
[0 0 8 1 ] L^ot, «Mbe*B£»<b@*B<t£ 
»*H3* Lfcft/SL ^-fe*?*i«Mba*B2 0i:aMbH« 
B 1 6*f*lftlN i 8 0 F e 2 0 B £ 5*RSAB C o 

5 o f e 5 op^i^ N b/S4toi L. m%izffi— ay 

BJ»<D»R»AB*ttit*Jtdici** AARomxtn 

c(0t(P$ia)a^b, IItiAl3 2. 3 4a>BKI** 
0. 5nmW±1 nm&T<t^60#IIJBtt<tS;L£o 

[0082] {mzommm) *i=. *»w(DiR2a>3t 

0£«<bB»Bl 6A<*;h-F*U Co 90 Fe 10 M 
I»AlCo 5 0F •5oM*&J**B**tt4kJMI 

SMLfc. ■«AttfiLTa)9y a ck«. 

T a ( 1 0 n m) 

CogoFe 1 o (5— x 



I 2 2 

ft*bg£B2 0 0-9 

n m ) 

IlfAl3 4 

iHitt4>nji 1 s 
nwm a® 3 2 

n m) 

£&*Bt£B 1 4 
B2TtfeB 1 2 
SB 1 TtfeB 1 2 



CosoFeso (xnm) 

C u ( 3 n m) 

CosoFeso (xnm) 
CogoFe 1 o (5— x 

PtMn ( 1 5 nm) 

NiFeCr (5nm) 
T a ( 5 n m) 

iMit^ril^tlS nmt CosoFeso^b^ 
£3IRtfAB3 2. 3 4(DiIJ0nm^b5nm^t 
«*b*1*fc«»fl>«**«#Lfc. 
[008 3] 0 8 li. «&tX<b£tO>»Rff Afi C o 5 0 
Fe 5 0l!**»tt«ty57HT?ft*o -Tft3b*. 

@B4>«ttl*aH!*AM4>ffJ££SU flMiif*?-B;i 

1 /lm2fcfcyO>«ttR*b*AARfca-r. 
[0 0 8 4] RB*6. »R»AH0>«B£*«>L*:» 
S\ 0. 5nmtAARIili*DL^, 1 n mT?$5 1 . 

»R»AB^fc*y»l^*#f*. 
<b) 1:* yBrifl>c o 5 0 F e 5 o»R»Aitft^t 
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[0086] H9ii. mitm&m<»&niio>Mmft\m 

[00 8 7] BB9*&. -T*C=o*iT 

SS^H ctfiglfcU 0. 75nmtli150e^ 

tL$5:^W 0 «fl:eSB<D«#ajWB<tt* 
[0 0 8 8] U:^ot, **Jfi«<0«dlct. 

aB£«*bBBB£*»IM2£ L/HBJjL -TttJbftmb 
£aB2 0<t«Mb@»Bi 6mftlCo 90 Fe 
1 oltlltlAICo 5 o F e 5 o^&m tfrh>tiL& 

in*. A*Ro>m*:kH C <Dmmo)&&frz>* *k»a 

132, 34tf>AI^I*. O. 5nmJUJt0. 7 5 n m)U 

[oo8 9] (m3(Dn^j) xtz^ ^BM<r>m3(om 

mmtLX. Bil=*Lfc*l*=i3l*T % «HbgaB2 
O ClIisVRff A A 3 4 S»At*"Tl:: fiff 5 n mCD N i 

8 o f © 2 o^bseu mitmmm 1 6<d<^s-n • 8 o 

Fe20A<tCo 5 oFe 5 q3SR»AA3 2t^b* 

«A^Lt=ttft«ft»Kn«^SL^. mmm*&LTo> 

: T a ( 1 O n m) 

:Ni80F©20 ( 5 n 



ska 2 2 

m) 

Mttt*IM 1 8 

mmm a a 3 2 

m^bS^Ai 6(D- 

n m) 

fc&M&m 1 4 

Sl2TifeA 1 2 
K 1 TifeA 1 2 



C u ( 3 n m) 

Co50F©50 (xnm) 
N i 80 Fe 20 (5— x 



P t M n ( 1 5 n m) 

NiFeCr (5nm) 
T a ( 5 n m) 

KftlfH 6<DKH(*5 nm£ 
L. C o 5 0 F o 5 0* x ^<f£*&ffiAA3 2 0)KIS £ 

[0090] mi 01*. mtn.mtm.<r>mmmxm c o 
*>. [siiaa>«ttti*»K»A«(DBia*aL. mia«? 



ffi§1/im2^; y OftfitKftfi A A R £ 3hT * 
[0 09 1] HB*&. »B»AMa>«ai6»^Lfcii 
*HS60HKSSt x T[iO. 7 5 n mtAARIiML 
J&Aatftffl*Bl 6*S±l=at»Lfc5nmT?tt1 . 6 

B#&*y»i>Ja£i** 5^>>? t&ftit) iz*vm 
m&co 5 o f © 5 ommffiAmtfx^xi^i^tzftiz 

[0 0 9 2] »fSt¥ABa>Kff35><»l^ii^(cf#^4x-5A 

#X*b*l£o (ML. C o 5 o F g 5 ol**tf>tt??/^U 

[0093] bi mit&&m<DUftjio>mm&\ 
Ba>B*«#ttS*-r^^B-e**. 
rc«HAr*»K»AB(OBIS*SL. $S»(*&<bill£A<D 

[0 0 9 4] MMfABSflMbBBB 1 ecDMzmxL 

Hcli100e^TL^5o 
[009 5] L^<ot, i{b@fI^|:Co50F 

mmtt. 0. 7 5 nm8l±4 nmlSlTfct-6©A<*fflW 

[0O9 6] (14 0H»I) *3MH<D»4a>SI 
JE«tLT. BllcSLfcfltifil^&l^C* 
6I*N i 80FG20 ( 2 n m) /CosoFe 
50 (3nm) |CH5£U &<t& A A 2 0 t LX N i 
8 0 F © 2 OAI^C o 9 0 F g 1 o»IB!*ABS»A L 

T a ( 1 0 n m) 

N i 80^620 (5 — x 



CoqoFgio (xnm) 

C u ( 3 n m) 

Co50Fe50 (3nm) 
N i 80Fe20 (2n 



^ISA2 2 
n m) 

»K»AB 3 4 
MM±>t>M 1 8 
«ft@*A 1 6 

mitmmm 1 6 

m) 

S^fiSttA 14 :PtMn (15nm) 

I2T%I1 2 : N i F g C r (5nm) 

S 1 T*feA 12 : T a (5 nm) 

3 4(DiIS0 nm»6 5 n m*T?«*b*l*fc«aa>3§ 
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[009 71 EH2I*. fefcmtmcDmmmAte c o 
mm 1 a m 2 y anstfcaubs a a r £ m-t • 

[0 0 9 8] @Hfr6 % »S£t*AM(£JgJl£i§<tf>Ltcil 
#ilte<MlC&^Tf3:0. 2 5 n mT^A A Rliii^fDL 

tZ^^pJjmcOC o 9 0 F e 1 0 »ISA1^ 
[O O 9 9] C o 9 o F e 1 o*^^ XfcT>tt 

;u^iftSU>£-ei;t. n i 8 o f e 2 o <*>^ 5tfffiZ>tz 
tf>. »H»AB3 4a>H»*«<'r*i:m*3E)<ffiT-r* 

[0 10 0] 01 3li. ttfcgAHaftfta<DSVKf9A 
[0101] »K»Ali34*<IS<ft«lCO*LT. H c 

i*±»-r6A<-ta>«afiiiiiB^-e*u. ±ttittici oo 

eJ^ftlCfflit^ftTl^o 

[0 10 2] Lt;A<ot, *8<b@5iJi 16fN i 8 0 F 
6 20 (2 nm) /CosoFeso (3nm) Clfl^ 
L. «t^bSS@2 OIClBtf ABC o goFeioSS 
ALfcaSi:it A AR<Dig*<>:H c (&ffl#|a>fi£*> 
b. liHAi3 4a)I@l^ 0. 25nm)U±2. 5 

n m ia t <t -r & c <t *>< m m m <t » <s> 0 

[0 10 3] *^B^0>m57bMmi 2O^Jg0IJt 

It, «1b@*Hi:^beSS«c»A-r^*{S»Ali<D 

[0104] (is (ommm) *r . *»flso>s 5 om 



«i!2 2 
I^il2 0O« 

m) 

AH 3 4 
IHBtt<t>fflff 1 8 

mmm ah 3 2 

lUbBSHl 6 ea- 
rn) 

S&fiSttB 1 4 
B2TtfeHl 2 
& 1 TtfeH 1 2 

AB 3 2 



T a ( 1 0 n m) 

Co90Fe 1 o (3 n 

X (2nm) 
C u ( 3 n m) 

X (2 n m) 

CogoFe 1 o (3n 



P t M n 

N i F e C r 

T a 



(1 5 nm) 
( 5 n m) 
( 5 n m) 



CogoFe 1 o 
FesoCoso 
Fo80 c °20 
F e 



CD F e — Co (Co. CogoFeio> Fe 

50C050, Fe80 c °20- Fe) ^^tl-frtiffi 
l*tz 0 mmWAM3 2. 3 4(D«i^, SbW:AAR 

X : A A R (mQ/im2) 

Co 0.6 

0. 8 
1 . 5 5 
1.45 
1 . 3 5 

^c:r% mmxtfco 9 o f e 1 o (Dm^it. m 
tte&tz#>. mmnxm3 2. 3 4<Dis»ji*o^<j:uv 

JifE<7>5£fl*>^ *^»AB3 2. 3 4<D#*4<t LTF 
Fe50Co50> Fe 8 0Co20* FeJ)f 

I*. "J A A R *<*'>t* - i: tflM Lfc. 

[0 10 5] ftoT. »E»AJ13 2. 3 40>#*4<t L 

[0106] (m 6 (DSlfeffJ) . ^B|0)1 6 0>H 

T a ( 1 O n m) 

CogoFe 1 Q (3n 



SHB2 2 

mibSSH2 0(D-| 
m) 

ans»AB 3 4 
iwtt4>ni 1 s 

»AI»Ali3 2 
fi8<b@5iBi 6(D-| 
m) 

J53£fiBttB 1 4 
l2Tifei 1 2 
m 1 TifeB 1 2 



X (2nm) 
C u ( 3 n m) 

X ( 2 n m) 

CogoFe 1 o (3n 



PtMn (15nm) 
NiFeCr (5nm) 
T a ( 5 n m) 

uut, »E»A|3 2, 3 40*t*4X<t LT. 5IS 
<D F e - N i (Ni, N i 8 0 F e 2 0 * Fe 

SON i 50* Fe9Q Ni 10- Fe) ^-^rft^tlffl 
t^Co »IHAi3 2, 3 4^f|^ »&*lfcAAR 

X : AAR (mQ/im2) 

JfA-fr-f 0. 8 

3 
0. 
0. 
1 . 
3 5 



3 4(7>*mx£ It, 5H2S 



N i 

N i 8 0 F e 2 0 

N i 5 0 F e 5 o 

F e 9 o N i 10 

F e 1 

e-N i &&&3:mi^tzm&lZt. 



4 

9 
3 



3 4<DftUt LT F 
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&tU&. Fe 90 Niio, F e£#ALfc»$l::* 
N i fc^LMSN i 8 O F e 2 0 *JBl*fc 

[0 10 7] $oT, SItfAl3 2, 3 4<7>*m<tL 
TFe-N i J6&*tfflL^»fil=t. *3S«i§tf(*'& 
3* *S t & & » fit <*> * <D * ffl ^ * £ w £ £ L L *o 

[0108] (35 7 *S£BJl(Dg5 7 COH 

T a ( 1 O n m) 

CogoFeio ( 3 n 



§112 2 



m) 

ftRff AH 3 4 
*tttt*IM 1 8 
WRIVAfl 3 2 

m) 

£3£58ttB 1 4 
f 2TtfeI 1 2 
m 1 TifeH 1 2 

s*R*iAH3 2 



X (2nm) 
C u ( 3 n m) 

X (2nm) 
CogoFoio ( 3 n 

P t M n ( 1 5 n m) 

NiFeCr (5nm) 
T a ( 5 n m) 

% 3 4<DftmXt LT. 51? 



N i 

N i 8 O C o 2 0 

N i 50C050 

C o g o N i 1 o 

C o 



(DC o - N i (NL NisoCo20* Fe 

50C050, C090N i 10- Co) £ 

L>fco 5$R**AB3 2. 3 4^^, llb^:AAR 

X : A A R (mQ/im2) 

»Al±r 0. 8 

3 

0. 5 
1 . O 
0. 8 
0. 6 

±K<DlSSJb^ »K»AH3 2. 3 4<D&mt LtC 
o - N i IKfi»ft£Jfll*fcJ|fi'l=tt* N i 5 o C o 5 o 

a>«jaw >fi 1= as 1* r a a r £ »*o-r * $a * tt § c 

fctffflllLfc. fit, N i fc&^f*Cottifi<Dfflf*£ 

[0 10 9] (S58(DSSJ6#J) *l=* *SMS<D*8(DS8 
ffiflJ^LT. nTO)IMIlK«* a r«B««ttSbll*?« 

§liH2 2 : T a < 1 0 n m) 

$rtb^£H2 0<D-£B :CogoFeio (3n 
m) 

»Rt* AH 3 4 : X (2 nm) 

C u ( 3 n m) 

X (2nm) 
CogoFe 1 o ( 3 n 



JHM£4>!HM 1 8 
WRM AH 3 2 
fiSlbia^Hl 6<D-U 



m) 

£S£fiBttH 1 4 
Si2TtfeH 1 2 
35 1 TifeH 1 2 



P t M n ( 1 5 n m) 

NiFeCr (5nm) 
T a ( 5 n m) 

3 4<D#*4X<t IT, Fe 



5 0 C o 5 of^raRZ (C u. T i, G a . Hf , &tz 
ItMn) £3 a t %^<J *1±fc (F e 5 o C o 

50) 97 ^3 5-fflt x tr 0 Fe5oCo5oi:SttL 

Z : AAR <mQ*im2) 

Btt^f 1.55 

C u 2.9 

T i 2. 7 

Ga 2. 4 

H f 2.7 

Mn 2. 2 

±E0)IS***&. HSAIiLT(DFe50Co50 
^ir. ^*Lt><05c**«SSrc$^*i±/=a&ICAAR 

H. *3h.-r*L#**tt3 0S^%Sft*TJ*AARa>i8 
*<7>&^rf><&&*><. 1 OH^%iaT(7><b^lC^T*fc 
S*L<I** 5JST%Kl±1 0R*%12TF 

[0 110] *fc % ±!E(D3cSta>ffti::*i* Cr, V, T 
a. Nb, Z n. Ni. £fcl*S cS^StT^ A 
ARI*ii*DLfco Ge. Y. Tc. Re. R 

u, Rh, Ir.Pd.Pt.Ag.Au. B. Al. 
In. C. Si. S n . C a . Sr. Ba. O. N. $ 

[0111] (m9a>mmm) $uz* ^nm<om9<om 
mmtLx. jsLT^Rfluctv-rftatMttttiix?* 

: T a ( 1 0 n m) 



MI2 2 

«<bSSB2 oo>- 

m) 

iiSAl 3 4 

JMttt*IM 1 8 
SMRtSAB 3 2 

m) 

J53£«$ttB 1 4 
£2 TifeH 1 2 
m 1 TifeH 1 2 

cct?. mmm ah 3 2 

e) (CTcfftZ (C r . V 



C090FGIO 



(3 n 



X 

C u 

X 



(2 nm) 
(3 n m) 
(2 nm) 



CogoFeio 



(3 n 



P t Mn ( 1 5 nm) 

NiFeCr (5nm) 
T a ( 5 n m) 

3 4<Dtt&Xk Its S* (F 
Ta. Nb. Cu. Zn. S 



fcliGa) J3at (B?) %t«*tfcFe 9 7Z 
*iaTI^^*To 

Z : AAR (mQ/im2) 

^ao-et 1 1.35 
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C r 
V 

T a 
N b 
C u 
Z n 
G a 



1 . 

1 . 

1 . 

1 . 
1 . 
1 . 

1 . 



4 5 
4 5 
4 5 
4 5 
8 0 
7 5 
7 0 



ttmz&n z i*tz®$iz a a r *<jaarr * - 1 &t>fr o 

B-7-%SJS*-t?l*AAR©»*0)»aA<ft-63!)<, 1 OH 
±1 0«^96lSlTi-r*i»»A<*#L^i:A<2|a|ML 

tz 0 

[0 1 12] ±fE<D7C^(DffeiC^. Co. N i . 

Sc. G e . Y . T c . Re. R u . R h . I r . P 
d . P t . A g . A u . B. A L In. C. Si. S 
n. Ca. Sr. Ba. O. N. F (DlvTfu^*** £ 
AARi*lg*DLfco Sffl^Lt, Fe£L 

fc£l>f£F e -N i fc£lM*F e£<2 SlI^**^ 

-h^tS^^F e-C o-N i **(C*5Lxrt,H«<0»* 

[o 1 1 3j <sb i oommm) $uz % *«ma>ffi o 
a>*ft«tLT. uTaMMt**-*- ^aasstasm 

: T a ( 1 O n m) 

Co9oFeio (3n 



ftiSJ!2 2 

WbgAS2 ocd-SP 

m) 

*K#Ai 3 4 
JMttt4>M 1 8 
*K»AJi 3 2 
HMbBMn 6(D-g& 

m) 

1 4 

B2TifeJl 1 2 
m 1 TttsB 1 2 



X (2 nm) 

C u ( 3 n m) 

X (2nm) 
CogoFeio On 



P t M n ( 1 5 n m) 

NiFoCr (5nm) 
T a ( 5 n m) 

CC-C. »I($AI32. 34<D*mxt LT. =J/\^U 
h (Co) ICtc^Z (Sc. T i. Mn. Cu. &tzlt 
H f ) £3 a t (Jf TO %tt*tf:Co 9 7 Z 3 £ 
JfH^o ^/JDtc^Z^. ^ibtLfcAAR<tO§i^*JUT 

Z : AAR (mQ/im2) 





0. 


6 


S c 


1 . 


0 


T i 


1 


2 


Mn 


1 


0 


C u 


1 


5 


H f 


1 . 


0 



Ttm £ «»= * 1* fc»^ i= a a r tfimtat z> c t *< 

f&3 0]S^%fMffi A A R<Dig*<7>*»^#&£*>*. 

T%£Lt1 0 jg^%&T£ I* C£A<¥0 

[0 114] ±nO>7tm<OtklZt. F e. N i . 

Cr. V. Ta. Nb. Zn. Ga. Ge. Zr. Y. 
Tc. Re. Ru. Rh. I r . Pd. Pt. A g . A 
u. B. Al. In. C. Si. Sn. Ca. Sr. B 
a. O. N. ^tzitFCOl^M^^^m^itXt. A A 

h*<5 Oll^lJJllJAA^Co - F e£*&fo£ 
IMiCo-N i &5lM*=l/<;U h*<2 5^%JU 

-b£fitf>£F e-Co-N i ^^(rfcLNT^|^4iO)aim 

[0 115] <*1 10HWJ) 2felc. *&BA<nmi 1 

: T a ( 1 0 n m) 

C090F6IO On 



esi2 2 



m) 

»Bt» AS 3 4 

IMttt+NII 1 8 
»R» A« 3 2 

Mimmmi 6cd-sp 

m) 

s^attta 1 4 

m2Ti&Ji 1 2 
IB 1 TttJ1 1 2 



X (2nm) 
C u ( 3 n m) 

X (2nm) 
CogoFeio On 



P t Mn ( 1 5 nm) 

NiFeCr (5nm) 
T a ( 5 n m) 

cc-e. SUgtSA»3 2„ 3 AOftnxt LT. -^*T 
;l/ (N i) lC5uStZ (Ti. Mn. Zn. Ga. Ge. 
Z r . **:I4H f ) £3 a t (JHT0 %#^^-frf-N i 
9 7Z3 Zttl^tzo T&fiUTtm^t. ibtlfcAARt 



AAR (mQ//m2) 
O. 3 
8 
9 
0 
9 
8 

0 
2 



z 

T i 
Mn 
Z n 
G a 
G e 
Z r 
H f 

ftmzftmz&mzvtzmsiz a a Rtfmito? z> ^ ttf 
»3 oi^iis-eii a a R©«*«)Mtf ft***, 

1 OS^%JSlT0>t*C=H*-(?fty. a*L<l*, 5 IB 
T%&±1 OJB^/oiUT^-r^^amA^^tNC^Tb^ 



o. 

o. 

1 . 

o. 
o. 

1 . 
1 . 
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[0 116] *fc, ±iZ<D5tm<DttllZl l ^ Fe.Co. 
C r . V. T a „ N b . Sc. C u . Y . T c . Re. 
R u . Rh, I r . Pd, Pt, Ag, A u . B. A 

I . In. C. Si. Sn. Ca. Sr. Ba. O. 
N. -£tzltF(Dl^*lfr$:$m£-&Tt. AAR!£iiJjD 

#5 0]gl^%£Ut££tf>&N i -F od*45*tM4N i 

£Fe-Co-N i $*(r*Jl\TtH«(DaaA<»f>*L 

[0117] <«i zomvm) *r=. *««©ki 2 

: T a ( 1 0 n m) 

Co9QFe 1 o (3n 



§i!2 2 



m) 

VMf A® 3 4 

m) 

MM£4>IM 1 8 
»K»AS3 2 

m) 

M@tl1 6(7>-£0 
m) 

1 4 

l2TifeI 1 2 
ft 1 TtfeU 1 2 



C u 
X 



(2 — 2. 3 n 

( 3 n m) 
(2—2. 3 n 



CogoFeio 



(3 n 



PtMn (15nm) 
NiFeCr (5nm) 
T a ( 5 n m) 

CC-C?. 1IWAI3 2, 3 4<Dtimxt LT. KTFO) 
4«JISJBl*f;:o (1) Fe 50 Co50 (2nm) 

(2) (F950C050) 97 Cu 3 (2nm) 

(3) (F950C050 (1nm) /Cu (O. 1n 
m) /Fe50Co50 ( 1 n m) ) 

(4) (F850C050 (0. 7nm) /Cu (0. 
1nm)/Fo5oCo5o(0 7nm)/Cu 

(0. 1nm) /Fe5oCo50 (0. 7nm) ) 

m?o »iHAl3 2. 3 40>*&/£x£. »S>*lfcAA 

X : AAR (mQ/im2) 

( 1 ) 1.55 

(2) 2. 9 

(3) 3. 1 

(4) 3. 3 

±fta>JS»«fcy* Fe 5 0Co50^Cu$i4)-|:t 

[0 1 18] C<D«Ip)I** CutzifVUK. F e-C o 

0. 0 3 nmfcLhl nrn^m 0 PA (C r) . /<■*• 
y^A (V) . (Ta) . (Nb) . X 



(Sc).^£>(Ti). <M 
n) . £ffi (Zn) . tf'JOA (Ga) . 

(Ge) . (Zr) . — (H 

f) . -fvh'JOA (Y) . f^^f)A (Tc) . U 
— OA (Re) . il/f-OA (Ru) . Pv^A (R 
h) . -f'JvOA (I r) . /^vW (Pd) . 6^ 

(Pt) . tB (Ag) . ft (Au) . ?tCn> (B) . 7 
^S-OA (A I ) . -f >vOA ( I n) . ftSR 

(C) . y'j3> (S i ) . XX (S n) . ftiU*>9A 

(Ca) . X hP^fOA (S r) . /<y>A (B 

a) . mm (o) . mm (no Rtfy^m (f) 

*B*iJ»R4*if='>4:< fc* ia©5c*^664SI 
[0 119] <«1 3<7>H^J) &|Z. 3 

T a ( 1 0 n m) 

CoqoFoio (4. 5 



fiii2 2 
iib@^l2 0(D-^ 
n m) 

IISAI 3 4 

irattt4>mn 1 s 

SiSAI 3 2 

mmmm^ eo-t 

n m) 

Kftm\±m 1 4 

!2Tifel 1 2 
« 1 TiftJi 1 2 



X 

C u 
X 

C o 



( 0 . 5 n m) 

( 3 n m) 

(0 . 5 n m) 



0 F g 1 o 



(4. 5 



PtMn (15nm) 
NiFeCr (5 n m) 
T a ( 5 n m) 

-C-e. »E»A®<D*mXl*. Fei- z Cr z £? 

t Ltzo mmmxma 2. 34ocr^izt. 

to fcfc. »BH»AH*Klta^»$t. *$Fe£2n 



Z (JUS) : 

O ( 0 n m) 

O (2nm) : 
0 (0. 5 n m) : 

10 (0. 5 nm) 

3 0 (0. 5 nm) 

6 0 (0. 5 nm) 

8 0 (0. 5 n m) 



AAR (mQ /im2) 
0. 8 
1 . 3 5 
0. 9 
1 . 3 
1 . 5 
1 . 4 
1 . 2 

JbKOttRlcoivcttwr*^ $$Fe (Z = 

0) ^&a*2nmO>»BI«A«*»Ar«Cfe. A 
AR^O. 8 (mQ/im2) *\ £ 1 . 35 (mQ/i 
m2) dig^Tl^o C+ll*. JsTF4>«fc 5 CUMflT?* 

[0120] -r*t5*>. co>£5ttBtttt9&ftna>* 

Xtf> ($ftxfcf» I*;"Mj31/<> K*&*Mifcx*A,j¥ 
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*MCV-f y 'J^r-f • At: K(D* Attain 

o. N i tl^ofc&B^-m. »i0j1*S<D* 

[O 1 2 2] <tC5T*. $$F etf>JIII£2 n rnfrZ>0. 
5nm^tS<t^)i:, AARIiO. 9 (mQ/im2) 

*«*LTL*3. -ttli. Fetf*«i:i<fti 

5ELT»fc>*l<&cfc5(^ »IiAIl:Crm*tfc 
tSS. A A R F e (0. 5 n m) <D& « £ U titttt 

[0 12 3] fcfc. Fe-C r C r £it^LT 

^<i*a'J-aS*<(STL. Cri^ctf70a 

Fe-crgMii<, BBtt(**<»ttLTi*4*5 

[0 12 4] (»1 4(DHSfe0lJ) 4 
: T a ( 1 0 n m) 



KHfi2 2 
m\t&&M2. 0(D-i 
n m) 

»K»AB 3 4 
4HBtt4>IM 1 8 

mmmxm 3 2 
BtbSBB 1 6 cD-i 

n m) 

&&m\±m 1 4 

3§2TifeS 1 2 

sb 1 Tmm 1 2 



CogoFeio 



(4. 5 



X 

C u 
X 



(0. 5 nm) 
( 3 n m) 
(0. 5 n m) 



CogoFe 1 o 



(4. 5 



PtMn ( 1 5 n m) 

N i F e C r ( 5 n m) 
T a ( 5 n m) 

mmmAm<D#mxi*. Fe^zvz^ 
Ltzo bbh*ab3 2. 3 4<Dvt«izt, metrnx 

fc\ BK»AB*lftltfcl*»&i:. ^Fe^2nm)iA 



z (BB) 

0 (0 n m) : 

0 (2nm) : 

0(0. 5 n m) : 

10 (0. 5 n m) 

3 0 ( 0 . 5 n m) 

6 0(0. 5 n m) 

8 0 ( 0 . 5 n m) 



AAR (mQ/im2) 
0. 8 
1.35 
0. 9 

1 . 2 

1 . 3 

1 . 1 

1 . 1 



»8Stt«l=BBLT»aLfc«fe3l=. fabtt&0> F e 

BL^««-ei*^BB-r*. *ct?* (*01t»BtfSfi 
vSftSSttl^fci^^ AARA< 

[0 12 5] F e - V V ^-7 0/^T%JU 

I*. Mtttfi<Kfid*u «B*tt»**BBT?#*. 
[0 12 6] \*±<D&5Ufrt>tt8ito 1 £m<tlzft? A 

ARCDigftJIi. Fe-Co^ (Co : 8 OjlT-%^1 
T) . F g - N i ^£ (N i : 1 OH^fcTF) . F e 
-Rh^ (Rh : 1 1 J^^%-5 5l^^%) % Fe- 
T i ( T i : 4 9 ST%~ 5 1 HT%) . Fe-C 

o - N i ^*(D(*#bfi*S<DttJiMIJjL C o -M n - F 
o**a)(*i01C*aa>BfiR«ijl. *»B»ABl::ffll*fc 

[0 12 7] £ ^*tb>^#{C. Sc. TL M 

n . C u . Z n . G a . G e . Z r . H f . Y . T c . 
Re. R u . Rh, I r . P d . Pt, A g . A u , 
B. A I . In. C. Si. Sn. Ca. Sr&cfcl/B 

4>&< £ t 1 mOTtm&O. 5M%^6 3 0EiCT%£ 

[0128] (S15 <DHJS60I]) *£H4>& 1 5 

<DHffi0IJ<t LT. *ltt4>|H||18«Au (*) fcLfc 



&^Jf 2 2 
m) 

»K»AB 3 4 

jrattt4>mB 1 s 

»K»AB 3 2 
BfbBIBB 1 6CD-ffl 

m) 

£»BttB 1 4 

35 2TifeJl 1 2 

S 1 TifeJI 1 2 



T a 



(1 0 nm) 



CogoFeio 



(3 n 



X 

A u 

X 



(2 nm) 
(3 nm) 
(2 nm) 



CogoFeio 



(3 n 



PtMn ( 1 5 nm) 

NiFeCr (5nm) 
T a ( 5 n m) 

CCT*. IR»A«©«»XtLT, 5«SlFe-Co 
(Co. CogoFeio- FesoCo50* 
F680C020* Fe) Zmi^tzo ftbtltzA A RCD 
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x 

C o 



A A R (mQ/im2) 
0. 3 



Co9oFeio 0.4 
FesoCoso O. 9 

FG8OC020 1- 45 

F e 1 . 7 

&l±<d±5\z. im&<pmmi azAutLtztzom 

iSA!3 2, 3 4£LTIi. F eSS<0St^CD($^ 

[o 1 2 9] di eommm) e 
1 ) 



: T a ( 1 O n m) 

: Co9QFe 1 o (An 



FesoCoso 



kha : mmm& ( 

&ISJ12 2 

Hbg4l2O0)- 

m) 

4 

m) 

1^144^^® 1 8 
SffliSAJi3 2 
m) 

^^bS^Jl 1 6<D-£P : C o 9 o F e t o 
m) 

&&«8ttH 1 4 
m2TtfeJI 1 2 
m 1 TtfeJI 1 2 



(1 n 



C u ( 3 n m) 

FesoCoso ( 1 n 



(4 n 



P t M n 
N i F e C r 
T a 

: «®»aji3 e 

Sil2 2 
«ffl» AM 3 6 

m) 

S*B» A» 3 4 



T a 
C u 



(1 5 nm) 

( 5 n m) 

( 5 n m) 

1 1 4) 

(1 0 nm) 

( 1 n m) 



CogoFe 1 o ( 4 n 



m) 

SSHStfAJI 3 2 
m) 

HMbBSJi 1 6 CD— 35 : CogoFe 1 o 



FesoCoso (In 

C u ( 3 n m) 

FesoCoso (1n 



(4 n 



i) 



P t Mn 

N i F e C r 
T a 



(1 5 n m) 
( 5 n m) 
( 5 n m) 



&&m\±m 1 4 

S2TifeI1 2 

* 1 Tmm i 2 

IS$4A(DA A Rli. 1. 2 (mQjim2) t?fco*:<DlC 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either Have a thin film insertion layer and said thin film 
insertion layer consists of an alloy which uses iron (Fe), cobalt (Co), and at least two kinds of metals 
of the nickel (nickel) as a parent element. The magneto-resistive effect component characterized by 
containing two kinds of the parent elements [ each of ] more than 25 atom % in the case of a binary 
system alloy, and containing three kinds of the parent elements [ each of] more than pentatomic % 
in the case of a 3 yuan alloy. 

[Claim 2] Said thin film insertion layer is a magneto-resistive effect component according to claim 1 
characterized by having one or more atomic layer the thickness of 3nm or less. 
[Claim 3] Said thin film insertion layer is a magneto-resistive effect component according to claim 1 
or 2 characterized by being prepared in said magnetization fixing layer or said magnetization free 
layer in the location from distance 0 to 2nm, in view of the interface of said magnetization fixing 
layer and said nonmagnetic interlayer, or the interface of said magnetization free layer and said 
nonmagnetic interlayer. 

[Claim 4] Said thin film insertion layer is a magneto-resistive effect component according to claim 1 
or 2 characterized by being prepared in said magnetization fixing layer or said magnetization free 
layer in the location from distance 0 to 2nm, in view of the interface of the side which is not in 
contact with the interface of the side which is not in contact with said nonmagnetic interlayer of said 
magnetization fixing layer, or said nonmagnetic interlayer of said magnetization free layer. 
[Claim 5] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving ~ abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either Have a thin film insertion layer and said thin film 
insertion layer into the binary system alloy which uses iron (Fe), cobalt (Co), and at least two kinds 
of metals of the nickel (nickel) as a parent element, or a 3 yuan alloy Chromium (Cr), vanadium (V), 
a tantalum (Ta), niobium (Nb), A scandium (Sc), titanium (Ti), manganese (Mn), copper (Cu), Zinc 
(Zn), a gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium (Hf), an yttrium (Y), a 
technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium (Ir), Palladium (Pd), 
platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an indium (In), carbon (C), 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http% 11/24/2004 



Page 2 of 6 



silicon (Si), Tin (Sn), calcium (calcium), strontium (Sr), barium (Ba), The magneto-resistive effect 
component characterized by consisting of an alloy which contains at least one sort of elements 
chosen from the group which consists of oxygen (O), nitrogen (N), and a fluorine (F) below 30 atom 
% more than 0. 1 atom %. 

[Claim 6] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either a thin film insertion layer — having — said thin film 
insertion layer — iron (Fe) — a main alloy — that is The magneto-resistive effect component 
characterized by consisting of an alloy whose crystal structure it is the alloy which ** iron (Fe) 50% 
or more in the case of a binary system alloy, and ** iron (Fe) 25% or more in the case of a 3 yuan or 
more alloy, and is a body center cubic. 

[Claim 7] Said iron (Fe) a main alloy Cobalt (Co), nickel (nickel), Chromium (Cr), vanadium (V), 
manganese (Mn), a rhodium (Rh), Titanium (Ti), molybdenum (Mo), a tungsten (W), niobium (Nb), 
The magneto-resistive effect component according to claim 6 characterized by including at least one 
sort of elements chosen from the group which consists of a tantalum (Ta), palladium (Pd), platinum 
(Pt), a zirconium (Zr), and a hafnium (Hf). 

[Claim 8] Said iron (Fe) a main alloy Manganese (Mn), copper (Cu), a rhenium (Re), A ruthenium 
(Ru), palladium (Pd), platinum (Pt), silver (Ag), [ whether at least one sort of elements chosen from 
the group which consists of gold (Au) and aluminum (aluminum) are included below 20 atom % 
more than 0. 1 atom %, and ] Or a scandium (Sc), zinc (Zn), a gallium (Ga), Germanium 
(germanium), a zirconium (Zr), a hafnium (Hf), An yttrium (Y), a technetium (Tc), boron (B), an 
indium (In), Carbon (C), silicon (Si), tin (Sn), calcium (calcium), The magneto-resistive effect 
component according to claim 6 characterized by including at least one sort of elements chosen from 
the group which consists of strontium (Sr), barium (Ba), oxygen (O), a fluorine (F), and nitrogen (N) 
below 10 atom % more than 0.1 atom %. 

[Claim 9] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which **♦*, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction It is the magneto-resistive effect component which either 
at least has a thin film insertion layer, and is characterized by said thin film insertion layer consisting 
of iron of a body center cubic [ crystal structure ] of a preparation, said magnetization fixing layer, 
and said magnetization free layers (Fe). 

[Claim 10] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either It is the magneto-resistive effect component which has 
a thin film insertion layer, and said thin film insertion layer is an alloy which uses iron (Fe) and 
chromium (Cr) as a principal component, and the content of chromium (Cr) is below 80 atom % 
more than 0 atom %, and is characterized by the crystal structure consisting of an alloy of a body 
center cubic. 
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[Claim 11] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either It is the magneto-resistive effect component which has 
a thin film insertion layer, and said thin film insertion layer is an alloy which uses iron (Fe) and 
vanadium (V) as a principal component, and the content of vanadium (V) is below 70 atom % more 
than 0 atom %, and is characterized by the crystal structure consisting of an alloy of a body center 
cubic. 

[Claim 12] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either It has a thin film insertion layer. Said thin film insertion 
layer Iron (Fe) or iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and nickel 
(nickel). 25 atom % In the case of a 3 yuan alloy, it is the included alloy about iron (Fe), including 
iron (Fe) more than 50 atom % in the case of a binary system alloy. In it, chromium (Cr), vanadium 
(V), a tantalum (Ta), niobium (Nb), A scandium (Sc), titanium (Ti), manganese (Mn), copper (Cu), 
Zinc (Zn), a gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium (Hf), an yttrium 
(Y), a technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium (Ir), Palladium 
(Pd), platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an indium (In), carbon 
(C), silicon (Si), Tin (Sn), calcium (calcium), strontium (Sr), barium (Ba), The magneto-resistive 
effect component characterized by consisting of an alloy which contains at least one sort of elements 
chosen from the group which consists of oxygen (O), nitrogen (N)> and a fluorine (F) below 30 atom 
% more than 0. 1 atom %. 

[Claim 13] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either It has a thin film insertion layer. Said thin film insertion 
layer Iron (Fe) or iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and nickel 
(nickel). 25 atom % In the case of a 3 yuan alloy, it is the included alloy about iron (Fe), including 
iron (Fe) more than 50 atom % in the case of a binary system alloy. The magneto-resistive effect 
component characterized by the thing which was chosen from the group which consists of chromium 
(Cr), vanadium (V), a tantalum (Ta), niobium (Nb), copper (Cu), zinc (Zn), and a gallium (Ga) into 
it, and which contain one of elements below 30 atom % more than 0.1 atom % at least. 
[Claim 14] Said thin film insertion layer is a magneto-resistive effect component according to claim 
12 or 13 characterized by including nickel (nickel) in iron (Fe) below pentatomic % more than 0.1 
atom %. 

[Claim 15] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
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magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either It has a thin film insertion layer. Said thin film insertion 
layer Cobalt (Co) or iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and 
nickel (nickel). 25 atom % In the case of a 3 yuan alloy, it is the included alloy about cobalt (Co), 
including cobalt (Co) more than 50 atom % in the case of a binary system alloy. In it, chromium 
(Cr), vanadium (V), a tantalum (Ta), niobium (Nb), A scandium (Sc), titanium (Ti), manganese 
(Mn), copper (Cu), Zinc (Zn), a gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium 
(Hf), an yttrium (Y), a technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium 
(Ir), Palladium (Pd), platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an 
indium (In), carbon (C), silicon (Si), Tin (Sn), calcium (calcium), strontium (Sr), barium (Ba), The 
magneto-resistive effect component characterized by consisting of an alloy which contains at least 
one sort of elements chosen from the group which consists of oxygen (O), nitrogen (N), and a 
fluorine (F) below 30 atom % more than 0.1 atom %. 

[Claim 16] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation ~ with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either It has a thin film insertion layer. Said thin film insertion 
layer Cobalt (Co) or iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and 
nickel (nickel). 25 atom % In the case of a 3 yuan alloy, it is the included alloy about iron (Co), 
including iron (Co) more than 50 atom % in the case of a binary system alloy. In it, chromium (Cr), 
vanadium (V), a tantalum (Ta), niobium (Nb), The magneto-resistive effect component characterized 
by consisting of an alloy which contains at least one sort of elements chosen from the group which 
consists of a scandium (Sc), titanium (Ti), manganese (Mn), copper (Cu), and a hafnium (Hf) below 
30 atom % more than 0.1 atom %. 

[Claim 17] Said thin film insertion layer is a magneto-resistive effect component according to claim 
15 or 16 characterized by including at least one sort of elements chosen from the group which 
becomes cobalt (Co) from iron (Fe) and nickel (nickel) below pentatomic % more than 0.1 atom %. 
[Claim 18] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ***♦, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either It has a thin film insertion layer. Said thin film insertion 
layer Nickel (nickel) or iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and 
nickel (nickel). 25 atom % In the case of a 3 yuan alloy, it is the included alloy about nickel (nickel), 
including nickel (nickel) more than 50 atom % in the case of a binary system alloy. In it, chromium 
(Cr), vanadium (V), a tantalum (Ta), niobium (Nb), A scandium (Sc), titanium (Ti), manganese 
(Mn), copper (Cu), Zinc (Zn), a gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium 
(Hf), an yttrium (Y), a technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium 
(Ir), Palladium (Pd), platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an 
indium (In), carbon (C), silicon (Si), Tin (Sn), calcium (calcium), strontium (Sr), barium (Ba), The 
magneto-resistive effect component characterized by consisting of an alloy which contains at least 
one sort of elements chosen from the group which consists of oxygen (O), nitrogen (N), and a 
fluorine (F) below 30 atom % more than 0.1 atom %. 
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[Claim 19] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either It has a thin film insertion layer. Said thin film insertion 
layer Nickel (nickel) or iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and 
nickel (nickel). 25 atom % In the case of a 3 yuan alloy, it is the included alloy about iron (nickel), 
including iron (nickel) more than 50 atom % in the case of a binary system alloy. Titanium (Ti), 
manganese (Mn), zinc (Zn), a gallium (Ga), The magneto-resistive effect component characterized 
by consisting of an alloy which contains at least one sort of elements chosen from the group which 
consists of germanium (germanium), a zirconium (Zr), and a hafnium (Hf) below 30 atom % more 
than 0.1 atom %. 

[Claim 20] Said thin film insertion layer is a magneto-resistive effect component according to claim 
18 or 19 characterized by including at least one sort of elements chosen from the group which 
becomes nickel (nickel) from iron (Fe) and cobalt (Co) below pentatomic % more than 0.5 atom %. 
[Claim 21] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either Said thin film insertion layer is an iron (Fe)-cobalt (Co) 
system alloy whose crystal structure it has a thin film insertion layer and is a body center cubic. In it, 
chromium (Cr), vanadium (V), a tantalum (Ta), Niobium (Nb), a scandium (Sc), titanium (Ti), 
manganese (Mn), Zinc (Zn), a gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium 
(Hf), an yttrium (Y), a technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium 
(Ir), Palladium (Pd), platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an 
indium (In), carbon (C), silicon (Si), The magneto-resistive effect component characterized by 
consisting of an alloy which contains at least one sort of elements chosen from the group which 
consists of tin (Sn), calcium (calcium), strontium (Sr), barium (Ba), oxygen (O), nitrogen (N), and a 
fluorine (F) below 10 atom % more than 0.1 atom %. 

[Claim 22] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either It is the magneto-resistive effect component which has 
a thin film insertion layer, and said thin film insertion layer is an iron (Fe)-cobalt (Co) system alloy 
whose crystal structure is a body center cubic, and is characterized by consisting of an alloy which 
contains copper (Cu) below 10 atom % more than 0.1 atom % in it. 

[Claim 23] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving — abbreviation — with the 



http://ww4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fww4.i... 11/24/2004 



Page 6 of 6 



electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either Said thin film insertion layer is an iron (Fe)-cobalt (Co) 
system alloy whose crystal structure it has a thin film insertion layer and is a body center cubic. 
0.03nm or more lnm or less thickness which may exist as body-centered cubic structure in it, 
Chromium (Cr), vanadium (V), a tantalum (Ta), niobium (Nb), A scandium (Sc), titanium (Ti), 
manganese (Mn), zinc (Zn), A gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium 
(Hf), an yttrium (Y), a technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium 
(Ir), Palladium (Pd), platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an 
indium (In), carbon (C), silicon (Si), The magneto-resistive effect component characterized by the 
layer which consists of at least one sort of elements chosen from the group which consists of tin 
(Sn), calcium (calcium), strontium (Sr), barium (Ba), oxygen (O), nitrogen (N), and a fluorine (F) 
consisting of an alloy inserted periodically. 

[Claim 24] The magnetization fixing layer which has the magnetic-substance film which the 
magnetization direction fixed to the one direction substantially, The magnetization free layer which 
has the magnetic-substance film from which the magnetization direction changes corresponding to 
an external magnetic field, With the non-magnetic metal interlayer prepared between said 
magnetization fixing layer and said magnetization free layer the film surface of the magneto-resistive 
effect film which ****, and said magneto-resistive effect film — receiving ~ abbreviation — with the 
electrode of a pair electrically connected to said magneto-resistive effect film, in order to energize a 
sense current in the perpendicular direction Of a preparation, said magnetization fixing layer, and 
said magnetization free layers, at least either Said thin film insertion layer is an iron (Fe)-cobalt (Co) 
system alloy whose crystal structure it has a thin film insertion layer and is a body center cubic. The 
magneto-resistive effect component characterized by the layer which consists of with a 0.03nm or 
more thickness [ lnm or less ] which may exist as body-centered cubic structure in it copper (Cu) 
consisting of an alloy inserted periodically. 

[Claim 25] The magneto-resistive effect component of any one publication of claim 1-24 
characterized by preparing the tooth-back insertion layer which adjoins the interface of the side 
which is not in contact with said nonmagnetic interlayer of said magnetization free layer, and 
consists of copper (Cu), gold (Au) and silver (Au), or an alloy that consists of two sorts few further 
among these. 

[Claim 26] The magnetic head characterized by having the magneto-resistive effect component of 
any one publication of claim 1-25. 

[Claim 27] Magnetic-reproducing equipment characterized by making possible reading of the 
information which was equipped with the magnetic head according to claim 26, and was 
magnetically recorded on the magnetic-recording medium. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magneto-resistive effect component, the 
magnetic head using this, and magnetic-reproducing equipment of the structure of passing a sense 
current perpendicularly to the film surface of the magneto-resistive effect film in a detail, more about 
a magneto-resistive effect component, the magnetic head, and magnetic-reproducing equipment. 
[0002] 

[Description of the Prior Art] Conventionally, read-out of the information recorded on the magnetic- 
recording medium moved relatively the magnetic head for playback which has a coil to the record 
medium, and has been performed by the approach of detecting the current by which induction is 
carried out to a coil by the electromagnetic induction then generated. Then, a magneto-resistive 
effect component (Magnetoresistive effect element) is developed, and it is used for a magnetic field 
sensor, and also has been used as the magnetic head (MR head) carried in magnetic-reproducing 
equipments, such as a hard disk drive. 

[0003] Since miniaturization and large capacity-ization of a magnetic-recording medium are 
advanced and the relative velocity of the magnetic head for playback at the time of information read- 
out and a magnetic-recording medium is becoming small in recent years, even if it is a small relative 
velocity, the expectation for the MR head which can take out a big output is growing. 
[0004] The laminating of a ferromagnetic metal membrane and the non-magnetic metal film is 
carried out by turns on some conditions to such expectation like an iron (Fe) layer / chromium (Cr) 
layer, and an iron (Fe) layer / copper (Cu) layer, it is reported that the multilayers which carried out 
antiferromagnetism association of between the approaching ferromagnetic metal membranes, and the 
so-called "artificial grid film 1 ' show a huge magneto-resistive effect (Phys.Rev.Lett.61 2474 (1988) — 
) Reference, such as Phys.Rev.Lett., vol.64, and p2304 (1990). However, since the magnetic field 
required since magnetization is saturated of the artificial grid film is high, it does not fit the film 
ingredient for MR heads. 

[0005] On the other hand, by the multilayers of the sandwich structure of a ferromagnetic layer / 
non-magnetic layer / ferromagnetic layer, even when a ferromagnetic layer does not carry out 
antiferromagnetism association, the example which realized the big magneto-resistive effect is 
reported. That is, an exchange bias magnetic field is impressed to one side of the two-layer 
ferromagnetic layer whose non-magnetic layer was pinched, magnetization is fixed, and flux reversal 
of the ferromagnetic layer of another side is carried out by external magnetic fields (signal magnetic 
field etc.). A big magneto-resistive effect is acquired by changing by this the relative include angle 
of the magnetization direction of two ferromagnetic layers arranged on both sides of a non-magnetic 
layer. Such type multilayers are called "the spin bulb (spin valve)." (Reference, such as Phys.Rev.B, 
vol.45, p806 (1992), J.Appl.Phys., vol.69, and p4774 (1981)) . 

[0006] Since magnetization can be saturated with a low magnetic field, the spin bulb fits the MR 
head and has already been put in practical use. However, the magnetic-reluctance rate of change is to 
about 20% at the maximum, and in order to correspond more than surface recording density 
lOOGbpsi (every gigabit square inch), the magneto-resistive effect component which has still higher 
magnetic-reluctance rate of change has been needed. 

[0007] In a magneto-resistive effect component, there are structure of the CIP (Current-in-Plane) 
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mold which passes a sense current in parallel to a component film surface, and structure of a CPP 
(Current Perpendicular to Plane) mold of passing a sense current perpendicularly to a component 
film surface. And it has a report that the magneto-resistive effect component of a CPP mold shows 
about 10 times [ of the component of a CIP mold ] magnetic-reluctance rate of change 
(J.Phys.Condens.Matter., vol.1 1, p5717 (1999), etc.), and achievement of 100% of magnetic- 
reluctance rate of change is not impossible, either. 

[Problem(s) to be Solved by the Invention] However, it was the large reasons of resistance variation 
(output absolute value) that the total thickness of the component of the CPP mold reported until now 
is mainly thick using an artificial grid and that there are many interfaces. However, in order to fulfill 
the magnetic properties as a head, it is desirable to have spin bulb structure. 
[0008] Drawing 28 is a sectional view which expresses typically the magneto-resistive effect 
component of the CPP mold which has spin bulb structure. That is, the magneto-resistive effect film 
M is pinched by the up electrode 52 and the lower electrode 54, and the sense current I flows 
perpendicularly to a film surface. The fundamental membrane structure of the magneto-resistive 
effect film M has the structure where the laminating of the substrate layer 12, the antiferromagnetism 
layer 14, the magnetization fixing layer 16, the nonmagnetic interlayer 18, the magnetization free 
layer 20, and the protective layer 22 was carried out one by one on the lower electrode 54, as 
expressed to this drawing. 

[0009] These layers consist of a metal fundamentally [ all ]. The magnetization fixing layer 16 
(called a "pin layer") is a magnetic layer which magnetization fixed to the one direction 
substantially. Moreover, the magnetization free layer 20 (called a "free layer") is a magnetic layer 
from which the direction of magnetization may change freely according to an external magnetic 
field. 

[0010] However, since the total thickness is thin and there are few interfaces as compared with an 
artificial grid, if such spin bulb structure energizes perpendicularly to a film surface, resistance of a 
component will be small and the absolute value of an output will also become small. 
[001 1] For example, when the spin bulb film of membrane structure conventionally used for CIP 
structure is used for CPP structure as it is and it energizes perpendicularly to a film surface, for 
****** of the output per two, AdeltaR is m2 about 1 momegamu 1 micrometer. Only a forge fire is 
obtained, that is, the thing for which output increase is important, raises the resistance of the part 
which for that participates in spin dependence conduction among magneto-resistive effect 
components, and enlarges resistance variation in order to put the CPP mold magneto-resistive effect 
component using the spin bulb film in practical use — very — ** — it is effective. 
[0012] This invention is made based on recognition of this technical problem. The purpose By 
preparing a proper place the layer which consists of a big ingredient of spin dependence interface 
dispersion and spin dependence bulk dispersion in the perpendicular energization mold magnetic 
resistance element of spin bulb structure, respectively It is in offering the magneto-resistive effect 
component which raises the resistance of the part which carries out spin dependence conduction to a 
suitable value, as a result enlarges resistance variation and which was alike rattlingly and realized 
higher magnetic-reluctance variation and the magnetic head using this, and magnetic-reproducing 
equipment. 

[Means for Solving the Problem] The output of the magneto-resistive effect component of a 
perpendicular energization mold is determined by spin dependence dispersion (interface dispersion) 
by the interface of a magnetic layer and a non-magnetic layer, and spin dependence dispersion (bulk 
dispersion) within a magnetic layer, then, the ingredient with big spin dependence interface 
dispersion to an interface with a non-magnetic layer and a magnetic layer — if the big ingredient of 
spin dependence bulk dispersion is brought to the part which occupies half Chuo University, big 
output enhancement effect is expectable. 

[0013] Moreover, if a nonmagnetic tooth-back layer is put into the interface of the direction which 
does not touch the nonmagnetic interlayer of a magnetization fixing layer or a magnetization free 
layer, spin dependence interface dispersion by the magnetization fixing layer / nonmagnetic tooth- 
back layer interface, or a magnetization free layer / nonmagnetic tooth-back layer interface can be 
used for it. Here, an output increases by applying the big ingredient of spin dependence interface 
dispersion to a magnetization fixing layer / nonmagnetic tooth-back layer interface, or a 
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magnetization free layer / nonmagnetic tooth-back layer interface. 

[0014] Moreover, since a modulation will be given to band structure, inserting a dissimilar material 
in the location of an either a magnetization fixing layer or a magnetization free layer has the 
possibility of output increase. 

[0015] this invention person advances original prototype examination from this viewpoint, and came 
to invent the peculiar magneto-resistive effect component explained in full detail below. 
[0016] ******** and the 1st magneto-resistive effect component of this invention The 
magnetization fixing layer which has the magnetic-substance film which the magnetization direction 
fixed to the one direction substantially, The magnetization free layer which has the magnetic- 
substance film from which the magnetization direction changes corresponding to an external 
magnetic field, With the non-magnetic metal interlayer prepared between said magnetization fixing 
layer and said magnetization free layer the film surface of the magneto-resistive effect film which 
****, and said magneto-resistive effect film — receiving — abbreviation — with the electrode of a 
pair electrically connected to said magneto-resistive effect film, in order to energize a sense current 
in the perpendicular direction Of a preparation, said magnetization fixing layer, and said 
magnetization free layers, at least either Have a thin film insertion layer and said thin film insertion 
layer consists of an alloy which uses iron (Fe), cobalt (Co), and at least two kinds of metals of the 
nickel (nickel) as a parent element. It is characterized by containing two kinds of the parent elements 
[ each of] more than 25 atom % in the case of a binary system alloy, and containing three kinds of 
the parent elements [ each of ] more than pentatomic % in the case of a 3 yuan alloy. 
[0017] According to the above-mentioned configuration, spin dependence dispersion can be 
increased and magnetic-reluctance change can be made to increase. 

[0018] Here, said thin film insertion layer shall have one or more atomic layer the thickness of 3nm 
or less. 

[0019] Moreover, said thin film insertion layer should be prepared in said magnetization fixing layer 
or said magnetization free layer in the location from distance 0 to 2nm, in view of the interface of 
said magnetization fixing layer and said nonmagnetic interlayer, or the interface of said 
magnetization free layer and said nonmagnetic interlayer. 

[0020] Moreover, said thin film insertion layer can be prepared in said magnetization fixing layer or 
said magnetization free layer in the location from distance 0 to 2nm, in view of the interface of the 
side which is not in contact with the interface of the side which is not in contact with said 
nonmagnetic interlayer of said magnetization fixing layer, or said nonmagnetic interlayer of said 
magnetization free layer. 

[0021] Moreover, the magnetization fixing layer which has the magnetic-substance film with which 
the magnetization direction fixed substantially the 2nd magneto-resistive effect component of this 
invention to the one direction, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either Have a thin film insertion layer and said thin film insertion layer into the binary 
system alloy which uses iron (Fe), cobalt (Co), and at least two kinds of metals of the nickel (nickel) 
as a parent element, or a 3 yuan alloy Chromium (Cr), vanadium (V), a tantalum (Ta), niobium (Nb), 
A scandium (Sc), titanium (Ti), manganese (Mn), copper (Cu), Zinc (Zn), a gallium (Ga), 
germanium (germanium), a zirconium (Zr), A hafnium (Hf), an yttrium (Y), a technetium (Tc), A 
rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium (Ir), Palladium (Pd), platinum (Pt), silver 
(Ag), gold (Au), boron (B), Aluminum (aluminum), an indium (In), carbon (C), silicon (Si), It is 
characterized by consisting of an alloy which contains at least one sort of elements chosen from the 
group which consists of tin (Sn), calcium (calcium), strontium (Sr), barium (Ba), oxygen (O), 
nitrogen (N), and a fluorine (F) below 30 atom % more than 0.1 atom %. 

[0022] Moreover, the magnetization fixing layer which has the magnetic-substance film with which 
the magnetization direction fixed substantially the 3rd magneto-resistive effect component of this 
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invention to the one direction, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It is characterized by consisting of an alloy whose crystal structure it is the 
alloy which it has a thin film insertion layer, said thin film insertion layer ** iron (Fe) 50% or more 
when iron (Fe) is a main alloy, i.e., a binary system alloy, and ** iron (Fe) 25% or more in the case 
of a 3 yuan or more alloy, and is a body center cubic. 

[0023] Said iron (Fe) a main alloy here Cobalt (Co), nickel (nickel), Chromium (Cr), vanadium (V), 
manganese (Mn), a rhodium (Rh), At least one sort of elements chosen from the group which 
consists of titanium (Ti), molybdenum (Mo), a tungsten (W), niobium (Nb), a tantalum (Ta), 
palladium (Pd), platinum (Pt), a zirconium (Zr), and a hafnium (Hf) shall be included. 
[0024] Said iron (Fe) a main alloy Or manganese (Mn), copper (Cu), A rhenium (Re), a ruthenium 
(Ru), palladium (Pd), platinum (Pt), [ whether at least one sort of elements chosen from the group 
which consists of silver (Ag), gold (Au), and aluminum (aluminum) are included below 20 atom % 
more than 0.1 atom %, and ] Or a scandium (Sc), zinc (Zn), a gallium (Ga), Germanium 
(germanium), a zirconium (Zr), a hafnium (Hf), An yttrium (Y), a technetium (Tc), boron (B), an 
indium (In), Carbon (C), silicon (Si), tin (Sn), calcium (calcium), At least one sort of elements 
chosen from the group which consists of strontium (Sr), barium (Ba), oxygen (O), a fluorine (F), and 
nitrogen (N) shall be included below 10 atom % more than 0.1 atom %. Moreover, the magnetization 
fixing layer which has the magnetic-substance film with which the magnetization direction fixed 
substantially the 4th magneto-resistive effect component of this invention to the one direction, The 
magnetization free layer which has the magnetic- substance film from which the magnetization 
direction changes corresponding to an external magnetic field, With the non-magnetic metal 
interlayer prepared between said magnetization fixing layer and said magnetization free layer the 
film surface of the magneto-resistive effect film which ****, and said magneto-resistive effect film - 
- receiving — abbreviation — with the electrode of a pair electrically connected to said magneto- 
resistive effect film, in order to energize a sense current in the perpendicular direction At least, either 
has a thin film insertion layer and it is characterized by consisting of iron of a body center cubic 
[ layer / said / thin film insertion / crystal structure ] of a preparation, said magnetization fixing layer, 
and said magnetization free layers (Fe). 

[0025] Moreover, the magnetization fixing layer which has the magnetic-substance film with which 
the magnetization direction fixed substantially the 5th magneto-resistive effect component of this 
invention to the one direction, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It has a thin film insertion layer, and said thin film insertion layer is an alloy 
which uses iron (Fe) and chromium (Cr) as a principal component, and the content of chromium (Cr) 
is below 80 atom % more than 0 atom %, and it is characterized by the crystal structure consisting of 
an alloy of a body center cubic. 

[0026] Moreover, the magnetization fixing layer which has the magnetic-substance film with which 
the magnetization direction fixed substantially the 6th magneto-resistive effect component of this 
invention to the one direction, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
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connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It has a thin film insertion layer, and said thin film insertion layer is an alloy 
which uses iron (Fe) and vanadium (V) as a principal component, and the content of vanadium (V) is 
below 70 atom % more than 0 atom %, and it is characterized by the crystal structure consisting of 
an alloy of a body center cubic. 

[0027] Moreover, the magnetization fixing layer which has the magnetic-substance film with which 
the magnetization direction fixed substantially the 7th magneto-resistive effect component of this 
invention to the one direction, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It has a thin film insertion layer. Said thin film insertion layer Iron (Fe) or iron 
(Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and nickel (nickel). 25 atom % In 
the case of a 3 yuan alloy, it is the included alloy about iron (Fe), including iron (Fe) more than 50 
atom % in the case of a binary system alloy. In it, chromium (Cr), vanadium (V), a tantalum (Ta), 
niobium (Nb), A scandium (Sc), titanium (Ti), manganese (Mn), copper (Cu), Zinc (Zn), a gallium 
(Ga), germanium (germanium), a zirconium (Zr), A hafnium (Hf), an yttrium (Y), a technetium (Tc), 
A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium (Ir), Palladium (Pd), platinum (Pt), silver 
(Ag), gold (Au), boron (B), Aluminum (aluminum), an indium (In), carbon (C), silicon (Si), It is 
characterized by consisting of an alloy which contains at least one sort of elements chosen from the 
group which consists of tin (Sn), calcium (calcium), strontium (Sr), barium (Ba), oxygen (O), 
nitrogen (N), and a fluorine (F) below 30 atom % more than 0. 1 atom %. 

[0028] Moreover, the magnetization fixing layer which has the magnetic-substance film with which 
the magnetization direction fixed substantially the 8th magneto-resistive effect component of this 
invention to the one direction, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It has a thin film insertion layer. Said thin film insertion layer Iron (Fe) or iron 
(Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and nickel (nickel). 25 atom % In 
the case of a 3 yuan alloy, it is the included alloy about iron (Fe), including iron (Fe) more than 50 
atom % in the case of a binary system alloy. It is characterized by the thing which was chosen from 
the group which consists of chromium (Cr), vanadium (V), a tantalum (Ta), niobium (Nb), copper 
(Cu), zinc (Zn), and a gallium (Ga) into it and which contain one of elements below 30 atom % more 
than 0.1 atom % at least. 

[0029] Here, said thin film insertion layer shall contain nickel (nickel) in iron (Fe) below pentatomic 
% more than 0. 1 atom %. 

[0030] Moreover, the magnetization fixing layer which has the magnetic-substance film with which 
the magnetization direction fixed substantially the 9th magneto-resistive effect component of this 
invention to the one direction, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It has a thin film insertion layer. Said thin film insertion layer Cobalt (Co) or 
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iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and nickel (nickel). 25 atom 
% In the case of a 3 yuan alloy, it is the included alloy about cobalt (Co), including cobalt (Co) more 
than 50 atom % in the case of a binary system alloy. In it, chromium (Cr), vanadium (V), a tantalum 
(Ta), niobium (Nb), A scandium (Sc), titanium (Ti), manganese (Mn), copper (Cu), Zinc (Zn), a 
gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium (Hf), an yttrium (Y), a 
technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium (Ir), Palladium (Pd), 
platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an indium (In), carbon (C), 
silicon (Si), It is characterized by consisting of an alloy which contains at least one sort of elements 
chosen from the group which consists of tin (Sn), calcium (calcium), strontium (Sr), barium (Ba), 
oxygen (O), nitrogen (N), and a fluorine (F) below 30 atom % more than 0.1 atom %. 
[0031] Moreover, the 10th magneto-resistive effect component of this invention The magnetization 
fixing layer which has the magnetic-substance film which the magnetization direction fixed to the 
one direction substantially, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It has a thin film insertion layer. Said thin film insertion layer Cobalt (Co) or 
iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and nickel (nickel). 25 atom 
% In the case of a 3 yuan alloy, it is the included alloy about iron (Co), including iron (Co) more 
than 50 atom % in the case of a binary system alloy. In it, chromium (Cr), vanadium (V), a tantalum 
(Ta), niobium (Nb), It is characterized by consisting of an alloy which contains at least one sort of 
elements chosen from the group which consists of a scandium (Sc), titanium (Ti), manganese (Mn), 
copper (Cu), and a hafnium (Hf) below 30 atom % more than 0.1 atom %. 

[0032] Here, said thin film insertion layer shall contain at least one sort of elements chosen from the 
group which becomes cobalt (Co) from iron (Fe) and nickel (nickel) below pentatomic % more than 
0.1 atom%. 

[0033] Moreover, the 1 1th magneto-resistive effect component of this invention The magnetization 
fixing layer which has the magnetic-substance film which the magnetization direction fixed to the 
one direction substantially, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It has a thin film insertion layer. Said thin film insertion layer Nickel (nickel) or 
iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and nickel (nickel). 25 atom 
% In the case of a 3 yuan alloy, it is the included alloy about nickel (nickel), including nickel 
(nickel) more than 50 atom % in the case of a binary system alloy. In it, chromium (Cr), vanadium 
(V), a tantalum (Ta), niobium (Nb), A scandium (Sc), titanium (Ti), manganese (Mn), copper (Cu), 
Zinc (Zn), a gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium (Hf), an yttrium 
(Y), a technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium (Ir), Palladium 
(Pd), platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an indium (In), carbon 
(C), silicon (Si), It is characterized by consisting of an alloy which contains at least one sort of 
elements chosen from the group which consists of tin (Sn), calcium (calcium), strontium (Sr), barium 
(Ba), oxygen (O), nitrogen (N), and a fluorine (F) below 30 atom % more than 0.1 atom %. 
[0034] Moreover, the 12th magneto-resistive effect component of this invention The magnetization 
fixing layer which has the magnetic-substance film which the magnetization direction fixed to the 
one direction substantially, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
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magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It has a thin film insertion layer. Said thin film insertion layer Nickel (nickel) or 
iron (Fe), It is the 2 yuan or 3 yuan alloy which consists of cobalt (Co) and nickel (nickel). 25 atom 
% In the case of a 3 yuan alloy, it is the included alloy about iron (nickel), including iron (nickel) 
more than 50 atom % in the case of a binary system alloy. It is characterized by consisting of an 
alloy which contains at least one sort of elements chosen from the group which consists of titanium 
(Ti), manganese (Mn), zinc (Zn), a gallium (Ga), germanium (germanium), a zirconium (Zr), and a 
hafnium (Hf) below 30 atom % more than 0.1 atom %. 

[0035] Here, said thin film insertion layer shall contain at least one sort of elements chosen from the 
group which becomes nickel (nickel) from iron (Fe) and cobalt (Co) below pentatomic % more than 
0.5 atom %. 

[0036] Moreover, the 13th magneto-resistive effect component of this invention The magnetization 
fixing layer which has the magnetic-substance film which the magnetization direction fixed to the 
one direction substantially, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either Said thin film insertion layer is an iron (Fe)-cobalt (Co) system alloy whose 
crystal structure it has a thin film insertion layer and is a body center cubic. In it, chromium (Cr), 
vanadium (V), a tantalum (Ta), Niobium (Nb), a scandium (Sc), titanium (Ti), manganese (Mn), 
Zinc (Zn), a gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium (Hf), an yttrium 
(Y), a technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium (Ir), Palladium 
(Pd), platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an indium (In), carbon 
(C), silicon (Si), It is characterized by consisting of an alloy which contains at least one sort of 
elements chosen from the group which consists of tin (Sn), calcium (calcium), strontium (Sr), barium 
(Ba), oxygen (O), nitrogen (N), and a fluorine (F) below 10 atom % more than 0.1 atom %. 
[0037] Moreover, the 14th magneto-resistive effect component of this invention The magnetization 
fixing layer which has the magnetic-substance film which the magnetization direction fixed to the 
one direction substantially, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ***♦, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either It has a thin film insertion layer, and said thin film insertion layer is an iron 
(Fe)-cobalt (Co) system alloy whose crystal structure is a body center cubic, and is characterized by 
consisting of an alloy which contains copper (Cu) below 10 atom % more than 0.1 atom % in it. 
[0038] Moreover, the 15th magneto-resistive effect component of this invention The magnetization 
fixing layer which has the magnetic-substance film which the magnetization direction fixed to the 
one direction substantially, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either Said thin film insertion layer is an iron (Fe)-cobalt (Co) system alloy whose 
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crystal structure it has a thin film insertion layer and is a body center cubic. 0.03nm or more Inm or 
less thickness which may exist as body-centered cubic structure in it, Chromium (Cr), vanadium (V), 
a tantalum (Ta), niobium (Nb), A scandium (Sc), titanium (Ti), manganese (Mn), zinc (Zn), A 
gallium (Ga), germanium (germanium), a zirconium (Zr), A hafnium (Hf), an yttrium (Y), a 
technetium (Tc), A rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium (Ir), Palladium (Pd), 
platinum (Pt), silver (Ag), gold (Au), boron (B), Aluminum (aluminum), an indium (In), carbon (C), 
silicon (Si), It is characterized by the layer which consists of at least one sort of elements chosen 
from the group which consists of tin (Sn), calcium (calcium), strontium (Sr), barium (Ba), oxygen 
(O), nitrogen (N), and a fluorine (F) consisting of an alloy inserted periodically. 
[0039] Moreover, the 16th magneto-resistive effect component of this invention The magnetization 
fixing layer which has the magnetic-substance film which the magnetization direction fixed to the 
one direction substantially, The magnetization free layer which has the magnetic-substance film 
from which the magnetization direction changes corresponding to an external magnetic field, With 
the non-magnetic metal interlayer prepared between said magnetization fixing layer and said 
magnetization free layer the film surface of the magneto-resistive effect film which ****, and said 
magneto-resistive effect film — receiving — abbreviation — with the electrode of a pair electrically 
connected to said magneto-resistive effect film, in order to energize a sense current in the 
perpendicular direction Of a preparation, said magnetization fixing layer, and said magnetization free 
layers, at least either Said thin film insertion layer is an iron (Fe)-cobalt (Co) system alloy whose 
crystal structure it has a thin film insertion layer and is a body center cubic. It is characterized by the 
layer which consists of with a 0.03nm or more thickness [ lnm or less ] which may exist as body- 
centered cubic structure in it copper (Cu) consisting of an alloy inserted periodically. 
[0040] Here, the tooth-back insertion layer which adjoins the interface of the side which is not in 
contact with said nonmagnetic interlayer of said magnetization free layer, and consists of copper 
(Cu), gold (Au) and silver (Au), or an alloy that consists of two sorts few further among these should 
be prepared. 

[0041] On the other hand, the magnetic head of this invention can be characterized by having the 1st 
mentioned above thru/or the 16th one of magneto-resistive effect components, and can obtain an 
output sharply higher than before. 

[0042] Moreover, the magnetic-reproducing equipment of this invention is equipped with this 
magnetic head, and is characterized by making possible reading of the information magnetically 
recorded on the magnetic-recording medium. 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, 
referring to a drawing. 

[0043] Drawing 1 is a mimetic diagram which illustrates the important section cross-section 
structure of the magneto-resistive effect component concerning the operation gestalt of this 
invention. The magneto-resistive effect component of this example has the structure where the 
laminating of the substrate layer 12, the antiferromagnetism layer 14, the magnetization fixing layer 
16, the nonmagnetic interlayer 18, the magnetization free layer 20, a protective layer 22, and the up 
electrode 52 was carried out to this order, on the lower electrode 54. That is, the magneto-resistive 
effect film is pinched by the up electrode 52 and the lower electrode 54, and a sense current flows 
perpendicularly to a film surface. 

[0044] In the illustrated magneto-resistive effect component, the part of the 1 8/magnetization free 
layer 20 of 16/nonmagnetic interlayers of magnetization fixing layers bears a magneto-resistive 
effect. 

[0045] That is, in this part, resistance depending on spin arises to the electron which carried out spin 
polarization, and spin dependence resistance arises. And according to this invention, by inserting the 
thin film insertion layers 32 and 34 which turn into these magnetization fixing layer 16 and the 
magnetization free layer 20 from a peculiar ingredient, the output of a component, i.e., the absolute 
value of magnetic-reluctance variation, is increased, and the magneto-resistive effect component of 
the perpendicular energization mold which can be equal to practical use can be realized so that it 
may explain in full detail below. 

[0046] That is, the output of a perpendicular energization component is determined by spin 
dependence dispersion (interface dispersion) by the interface of a magnetic layer and a non-magnetic 
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layer, and spin dependence dispersion (bulk dispersion) inside a magnetic layer. And big output 
enhancement effect can be expected by arranging the big ingredient of spin dependence interface 
dispersion on the interface of a magnetic layer and a non-magnetic layer, and arranging the big 
ingredient of spin dependence bulk dispersion on the part which occupies most in a magnetic layer. 
[0047] As a result of performing prototype and examination uniquely, when the thin film insertion 
layer which consists of a peculiar ingredient as a part of magnetization fixing layer 16 or 
magnetization free layer 20 was inserted, this invention person promoted these spin dependence 
dispersion, and did learning of the ability to enlarge magnetic-reluctance change. 
[0048] Each other element which shall explain in full detail, referring to an example behind, and 
constitutes the magneto-resistive effect component of this invention first about the thin film insertion 
layer inserted in this invention is explained. 

[0049] First, as for the substrate layer 12, it is desirable to form with the ingredient which has the 
function to improve the crystallinity of the magnetization free layer 20 on it or the magnetization 
fixing layer 16, the function which raises the smooth nature of an interface further. As such an 
ingredient, a nickel(nickel)-Fe(iron)-Cr alloy which contains Cr (chromium) about 40% can be 
mentioned, for example. Although illustration was omitted, in order to carry out high orientation, the 
layer which consists of NiFe, Ru (ruthenium), Cu (copper), etc. may be inserted between the 
substrate layer 12 and the antiferromagnetism layer 14. 

[0050] The antiferromagnetism layer 14 has the role which fixes magnetization of the magnetization 
fixing layer 16. That is, magnetization of the magnetization fixing layer 16 can be fixed to an one 
direction using the switched connection bias field generated in the interface by adjoining the 
magnetization fixing layer 16 and forming the antiferromagnetism layer 14 which consists of PtMn 
(platinum manganese), IrMn (iridium manganese), PdPtMn (palladium platinum manganese), NiMn, 
etc. 

[005 1 ] In order to raise the magnetization fixing effectiveness of the magnetization fixing layer 1 6, it 
is desirable to insert a magnetic coupling interlayer (not shown) between the antiferromagnetism 
layer 14 and the magnetization fixing layer 16. As the magnetic coupling middle class's ingredient, 
the ferromagnetic alloy which uses Fe, Co (cobalt), nickel, etc. as a principal component can be 
used, for example. Moreover, the thickness is needed in order that that it is as thin as about 0.1 -3nm 
as much as possible may control magnetization of the magnetization fixing layer 16. 
[0052] Moreover, it is desirable in order that the so-called "synthetic type' 1 which consists of the 
ferromagnetic layer / an anti-parallel binder course / a ferromagnetic layer of the laminating ferry 
mold adopted as the spin bulb GMR as the magnetic coupling middle class of laminating 
configuration may also control fixing magnetization. 

[0053] The nonmagnetic interlayer 18 has the role which intercepts the magnetic coupling of the 
magnetization fixing layer 16 and the magnetization free layer 20. Furthermore, it is desirable to 
have the role which forms the interface of the nonmagnetic interlayer 1 8 and the magnetization 
fixing layer 16 (thin film insertion layer 32) good so that the rise spin electrons which flow to the 
magnetization free-from magnetization fixing layer 16 layer 20 may not be scattered about. 
[0054] As the nonmagnetic interlayer's 18 ingredient, Cu (copper), Au(gold), Ag (silver), Ru 
(ruthenium), Ir (iridium), Pd (palladium), Cr (chromium), Mg (magnesium), aluminum (aluminum), 
Rh (rhodium), Pt (platinum), etc. can be used, for example. Moreover, the thickness is thick to extent 
which the magnetic coupling between the magnetization free layer 20 and the magnetization fixing 
layer 16 can fully intercept, and needs a thin thing for extent on which the rise spin electrons from 
the magnetization fixing layer 16 are not scattered, and although it differs into an ingredient, it is 
desirable [ thickness ] that it is in the range which is 0.5-5nm in general. 

[0055] A protective layer 22 has the role from which the layered product of the magneto-resistive 
effect film is protected in the cases, such as patterning processing. 

[0056] As mentioned above, in the magneto-resistive effect component of the perpendicular 
energization mold which has each explained element, if the thin film insertion layer 32 is inserted as 
a part of magnetization fixing layer 16 and the thin film insertion layer 34 is inserted as a part of 
magnetization free layer 20 as expressed to drawing 1 , magnetic-reluctance variation can be 
increased. 

[0057] Hereafter, before explaining the concrete configuration of the thin film insertion layers 32 
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and 34 in this invention, it outlines about other examples of the magneto-resistive effect component 
which can be adopted in this invention. 

[0058] Drawing2 thru/or drawing. 5 are the mimetic diagrams showing other examples of the 
magneto-resistive effect component concerning the gestalt of operation of this invention. About 
these drawings, the same sign is given to the same element as what was expressed to drawing. 1 , and 
detailed explanation is omitted. 

[0059] Although the magneto-resistive effect component with which it expressed to drawing 2 was 
expressed to drawing 1 , it replaces built-up sequence. Also in this case, the same effectiveness as 
what was mentioned above about drawing 1 is acquired by inserting the thin film insertion layer 32 
in an interface with the nonmagnetic interlayer 18 of the magnetization fixing layer 16, and inserting 
the thin film insertion layer 34 in an interface with the nonmagnetic interlayer 18 of the 
magnetization free layer 20. 

[0060] Moreover, in the case of the magneto-resistive effect component with which it expressed to 
drawing 3 , by dividing a magnetization fixing layer by the antiferromagnetism binder course 40, and 
fixing the direction of the magnetization in 1st magnetization fixing layer 16A and 2nd 
magnetization fixing layer 1 6B to anti-parallel, the magnetization as the whole magnetization fixing 
layer is reduced, and it becomes possible to make the magnetization pinning force by the 
antiferromagnetism layer 14 increase. 

[0061] Also in this case, as expressed to this drawing, a spin scattering effect which mentioned 
above the thin film insertion layers 32 and 34 by inserting in the magnetization fixing layer 16 and 
the magnetization free layer 20, respectively is acquired, and it is effective. 

[0062] Moreover, in the case of the magneto-resistive effect component with which it expressed to 
drawing 4 , the thin film insertion layers 32 and 34 consist of a layered product which carried out the 
laminating of Ferromagnetic F and the non-magnetic material N by turns, respectively. 
[0063] On the other hand, in the case of the magneto-resistive effect component with which it 
expressed to drawing 5 , the thin film insertion layers 32 and 34 consist of a layered product which 
carried out the laminating of two sorts of ferromagnetics Fl and F2 different, respectively by turns. 
[0064] The effectiveness of this invention was checked with two kinds of following components. 
[0065] Oneth of them has perpendicular energization component structure which was illustrated to 
dr awing 26 . Hereafter, the structure of this component is explained in accordance with that 
production process. 

[0066] First, it is AlOx on Si (silicon) substrate (not shown). 500nm forms membranes and the resist 
of the part which serves as the lower electrode 54 by spreading and PEP (PhotoEngraning Process) 
in a resist on it is removed. 

[0067] Next, AlOx of the part which does not have a resist by RIE (Reactive Ion Etching) is 
removed, and the lower electrode which consists of Ta (5nm) / Cu (400nm) / Ta (20nm) is formed, 
here, the figure in a parenthesis expresses thickness (the following — the same). 
[0068] Next, in the part which does not form a lower electrode, it is AlOx. It graduates by CMP 
(Chemical Mechanical Polishing) so that it may come out to a front face. It is 2 two to 5x5 
micrometers with a size of 3x3 micrometers on it. The magneto-resistive effect film M was 
produced. Here, with some components, 30nm of hard film 60 which becomes the side face of the 
magneto-resistive effect film from CoPt was produced. 

[0069] It is SiOx as a passivation membrane 70. 200nm formed membranes and opening of the 
contact hole (0.3micrometerphi-3micrometerphi) was carried out near the center of the magneto- 
resistive effect film M by RIE and ion milling. 

[0070] Then, the up electrode 52 (Ta (5nm) / Cu (400nm) / Ta (5nm)) and the electrode pad (Au 
(200nm)) were produced. 

[0071] The 2nd component has structure which was expressed to drawing 27 . It was made to be the 
same as that of the lower electrode 54 and the process which CMP described above. The magneto- 
resistive effect film M was created on it, and the longitudinal direction was specified from 2 
micrometers by 5 micrometers. 

[0072] SiOx used as a passivation membrane 70 It created the thickness of 200nm and size was 
specified in the direction of 90 degrees from 1.5 micrometers by 5 micrometers from the longitudinal 
direction. Here, right above, lOOnm of Au(s) was formed right above [ of the magneto-resistive 
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effect film M ], and the up electrode 52 and the electrode pad were created like the 1st component 
after that so that a sense current might flow uniformly on the whole magneto-resistive effect film M. 
[0073] About these components, the electric resistance property was measured using 4 terminal 
method, and it checked about the output that it was same. Moreover, crystal structure analysis was 
performed using Cu-K alpha rays, and morphology was checked by cross-section TEM 
(Transmission Electron Microscopy) observation, and was investigated by n-EDX (Energy 
Dispersive X-ray spectroscopy) about presentation distribution. Moreover, the EXAFS (Extended X- 
ray Absorption Fine Structure) electronic state was investigated about the specific element in an 
alloy. 

[0074] Hereafter, the result of having examined the proper thickness of the thin film insertion layers 
32 and 34 inserted between the magnetization fixing layer 16 or the magnetization free layer 20, and 
the nonmagnetic interlayer 1 8 is first explained as the 1 st thru/or the 4th example of this invention. 
[0075] (The 1st example) In the structure illustrated to drawing 1 , the magneto-resistive effect film 
with which the magnetization free layer 20 and the magnetization fixing layer 1 6 consist of 20-layer 
[ of nickel80Fe(s) ] and thin film insertion layer Co50Fe50 alloy layer, respectively was produced. 
The film configuration is as follows. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: nickel80Fe20 (5-xnm) 

Thin film insertion layer 34 : Co50Fe50 (xnm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : Co50Fe50 (xnm) 

A part of magnetization fixing layer 16: nickel80Fe20 (5-xnm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

That is, the total thickness of the magnetization free layer 20 and the magnetization fixing layer 16 
set to 5nm, respectively, and manufactured two or more components to which the thickness x of 50 
layer of Co50Fe(s) used as a thin film insertion layer was changed from Onm to 5nm. Moreover, in 
this example, each of thickness of the thin film insertion layer 32 inserted in the magnetization fixing 
layer 16 and thickness of the thin film insertion layer 34 inserted in the magnetization free layer 20 
was set to the same xnm. 

[0076] Drawi ng 6 is a graphical representation showing the thin film insertion layer Co50Fe50 
thickness dependency of resistance variation. That is, the axis of abscissa of this drawing expresses 
the thickness of a thin film insertion layer, and an axis of ordinate expresses the resistance variation 
AdeltaR per two a component area of 1 micrometer. 

[0077] This drawing shows AdeltaR beginning to increase from near 0.5nm of thickness, and 
becoming about 1.4 times by lnm of thickness, and continuing increasing also after that, when the 
thickness of a thin film insertion layer is increased. When a thin film insertion layer is not much thin, 
since the desired Co50Fe50 thin-film insertion layer is not made by mixing (alloying), it is thought 
that an output is not improved. Therefore, when it is the component of beautiful membraneous 
quality which does not have fear of mixing, effectiveness can be expected even if it is a still thinner 
thin film insertion layer. 

[0078] It is thought that increase of AdeltaR obtained when the thickness of a thin film insertion 
layer is thin is based on increase of spin dependence interface dispersion. However, it turns out that 
the output is rising further because it increases thickness since spin dependence bulk dispersion of 
Co50Fe50 is also large. 

[0079] Drawing_7 is a graphical representation showing the thickness dependency of the thin film 
insertion layer of the holding power of a magnetization free layer. That is, an axis of abscissa 
expresses the thickness of a thin film insertion layer to this drawing, and an axis of ordinate 
expresses the holding power He of a magnetization free layer. 

[0080] It turns out that holding power He increases from drawing_7 as a thin film insertion layer is 
thickened, and 150e(s) (oersted) are exceeded in lnm. Since the sensibility to an external magnetic 
field will fall if the holding power of a magnetization free layer becomes high, an upper limit arises 
in the thickness of a thin film insertion layer. 
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[0081] Therefore, the configuration 20 which made the symmetry form the magnetization free layer 
and the magnetization fixing layer, i.e., a magnetization free layer, and the magnetization fixing 
layer 16 shall be consisted of 20-layer [ of nickel80Fe(s) ], and thin film insertion layer Co50Fe50 
alloy layer, respectively. When preparing both the thin film insertion layer of the same thickness, it 
can be said from increase of AdeltaR, and a viewpoint of control of He that it is practical to be 
referred to as 0.5nm or more lnm or less as for the thickness of the thin film insertion layers 32 and 
34. 

[0082] (The 2nd example) Next, in the structure expressed to drawing 1 , the magnetization free 
layer 20 and the magnetization fixing layer 16 produced the magneto-resistive effect film which 
consists of Co90FelO and thin film insertion layer Co50Fe50 alloy as the 2nd example of this 
invention, respectively. The film configuration is as follows. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (5-xnm) 

Thin film insertion layer 34 : Co50Fe50 (xnm) 

Nonmagnetic interlayer 18 : Cu (3nm) 

Thin film insertion layer 32 : Co50Fe50 (xnm) 

A part of magnetization fixing layer 16: Co90FelO (5-xnm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Also in this example, the thickness of the magnetization free layer 20 and the magnetization fixing 
layer 16 set to 5nm, respectively, and manufactured two or more components to which the thickness 
of the thin film insertion layers 32 and 34 which consist of Co50Fe50 was changed from Onm to 
5nm. 

[0083] Drawing 8 is a graphical representation showing the thin film insertion layer Co50Fe50 
thickness dependency of resistance variation. That is, the axis of abscissa of this drawing expresses 
the thickness of a thin film insertion layer, and an axis of ordinate expresses the resistance variation 
AdeltaR per two a component area of 1 micrometer. 

[0084] This drawing shows AdeltaR beginning to increase by 0.5nm and continuing increasing also 
about 1.5 times and after that by lnm, when the thickness of a thin film insertion layer is increased. 
Since the desired Co50Fe50 thin-film insertion layer is not made by mixing (alloying) in this case 
when a thin film insertion layer is not much thin, it is thought that an output is not improved. 
Therefore, when it is the component of beautiful membraneous quality which does not have fear of 
mixing, effectiveness can be expected even if it is a still thinner thin film insertion layer. 
[0085] It is thought that increase of AdeltaR obtained when the thickness of a thin film insertion 
layer is thin is based on increase of spin dependence interface dispersion. However, it turns out that 
the output is rising further because it increases thickness since spin dependence bulk dispersion of 
Co50Fe50 is also large. 

[0086] Drawing_9 is a graphical representation showing the thickness dependency of the thin film 
insertion layer of the holding power of a magnetization free layer. That is, an axis of abscissa 
expresses the thickness of a thin film insertion layer to this drawing, and an axis of ordinate 
expresses the holding power He of a magnetization free layer. 

[0087] It turns out that holding power He increases from drawings? as a thin film insertion layer is 
thickened, and 150e(s) are exceeded in 0.75nm. Since the sensibility to an external magnetic field 
will fall if the holding power of a magnetization free layer becomes high, an upper limit arises in the 
thickness of a thin film insertion layer. 

[0088] Therefore, the configuration which made the symmetry form the magnetization free layer and 
the magnetization fixing layer also in the case of this example, Namely, the magnetization free layer 
20 and the magnetization fixing layer 16 shall be consisted often-layer [ of Co90Fe(s) ], and thin 
film insertion layer Co50Fe50 alloy layer, respectively. When preparing both the thin film insertion 
layer of the same thickness, it can be said from increase of AdeltaR, and a viewpoint of control of He 
that it is practical to be referred to as 0.5nm or more 0.75nm or less as for the thickness of the thin 
film insertion layers 32 and 34. 

[0089] (The 3rd example) Next, as the 3rd example of this invention, it fixed to nickel80Fe20 of 
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5nm of thickness, without inserting the thin film insertion layer 34 in the magnetization free layer 20 

in the structure expressed to drawing 1 , and the magneto-resistive effect film which used only the 

magnetization fixing layer 16 as the layer which consists of 20 layer of nickel80Fe(s) and Co50Fe50 

thin-film insertion layers 32 was produced. The film configuration is as follows. 

Protective layer 22 : Ta (lOnm) 

Magnetization free layer 20 : nickel80Fe20 (5nm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : Co50Fe50 (xnm) 

A part of magnetization fixing layer 16: nickel80Fe20 (5-xnm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Also in this example, the thickness of the magnetization fixing layer 16 set to 5nm, and 
manufactured two or more components to which the thickness of the thin film insertion layer 32 
which consists of Co50Fe50 was changed from Onm to 5nm. 

[0090] Drawing 10 is a graphical representation showing the thin film insertion layer Co50Fe50 
thickness dependency of resistance variation. That is, the axis of abscissa of this drawing expresses 
the thickness of a thin film insertion layer, and an axis of ordinate expresses the resistance variation 
AdeltaR per two a component area of 1 micrometer. 

[0091] It turns out that it becomes about 1.6 times by 5nm which AdeltaR began to increase by 
0.75nm in this example, and permuted the magnetization fixing layer 16 completely from this 
drawing when the thickness of a thin film insertion layer was increased. Also in this example, when 
a thin film insertion layer is not much thin, since the desired Co50Fe50 thin-film insertion layer is 
not made by mixing (alloying), it is thought that an output is not improved. Therefore, when it is the 
component of beautiful membraneous quality which does not have fear of mixing, effectiveness can 
be expected even if it is a still thinner thin film insertion layer. 

[0092] It is thought that increase of AdeltaR obtained when the thickness of a thin film insertion 
layer is thin is based on increase of spin dependence interface dispersion. However, it turns out that 
the output is rising further because it increases thickness since spin dependence bulk dispersion of 
Co50Fe50 is also large. 

[0093] Drawing 1 1 is a graphical representation showing the thickness dependency of the thin film 
insertion layer of the holding power of a magnetization free layer. That is, an axis of abscissa 
expresses the thickness of a thin film insertion layer to this drawing, and an axis of ordinate 
expresses the holding power He of a magnetization free layer. 

[0094] When a thin film insertion layer is inserted only in the magnetization fixing layer 16, He is 
controlled compared with the case where it inserts in both a magnetization fixing layer and a 
magnetization free layer. However, if it amounts to 5nm in thickness in which the crystallinity of the 
whole spin bulb film begins to deteriorate, He will exceed 10Oe(s). 

[0095] Therefore, when inserting the thin film insertion layer 32 which changes from Co50Fe50 only 
to a magnetization fixing layer, it can be said from increase of AdeltaR, and a viewpoint of control of 
He that it is practical to be referred to as 0.75nm or more 4nm or less as for the thickness of the thin 
film insertion layer 32. 

[0096] (The 4th example) Next, as the 4th example of this invention, in the structure expressed to 
drawingj. , it fixed to nickel80Fe20(2nm)/Co50Fe50 (3nm), and the magnetization fixing layer 16 
produced the magneto-resistive effect film of the structure which inserted the Co90FelO thin-film 
insertion layer in 20 layer of nickel80Fe(s) as a magnetization free layer 20. The film configuration 
is as follows. 

Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: nickel80Fe20 (5-xnm) 
Thin film insertion layer 34 : Co90FelO (xnm) 
Nonmagnetic interlayer 1 8 : Cu (3nm) 
Magnetization fixing layer 16 : Co50Fe50 (3nm) 
Magnetization fixing layer 16 : nickel80Fe20 (2nm) 
Antiferromagnetism layer 14 :P. tMn (15nm) 
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The 2nd substrate layer 12 : NiFeCr (5nm) 
The 1st substrate layer 12 : Ta (5nm) 

That is, in this example, the total thickness of the magnetization free layer 20 set to 5nm, and 
manufactured two or more components to which the thickness of the thin film insertion layer 34 
which consists of Co90FelO was changed from Onm to 5nm. 

[0097] DrawingJ2 is a graphical representation showing the thin film insertion layer Co90FelO 
thickness dependency of resistance variation. That is, the axis of abscissa of this drawing expresses 
the thickness of a thin film insertion layer, and an axis of ordinate expresses the resistance variation 
AdeltaR per two a component area of 1 micrometer. 

[0098] This drawing shows AdeltaR beginning to increase by 0.25nm in this example, and taking 
maximum by 2nm, when the thickness of a thin film insertion layer is increased. Also in this 
example, when a thin film insertion layer is not much thin, since the desired Co90FelO thin-film 
insertion layer is not made by mixing (alloying), it is thought that an output is not improved. 
Therefore, when it is the component of beautifiil membraneous quality which does not have fear of 
mixing, effectiveness can be expected even if it is a still thinner thin film insertion layer. 
[0099] Moreover, the effectiveness that Co90FelO thin film increases spin dependence interface 
dispersion is nickel80Fe20 at the point of spin dependence bulk dispersion, although it is large. Since 
the way excels, when thickness of the thin film insertion layer 34 is thickened, the inclination for an 
output to decline is shown. 

[0100] Drawing 13 is a graphical representation showing the thickness dependency of the thin film 
insertion layer of the holding power of a magnetization free layer. That is, an axis of abscissa 
expresses the thickness of a thin film insertion layer to this drawing, and an axis of ordinate 
expresses the holding power He of a magnetization free layer. 

[0101] Although He goes up, the inclination is loose and, on the whole, is suppressed within 10 Oes, 
as the thin film insertion layer 34 becomes thick. 

[0102] Therefore, when the magnetization fixing layer 16 is fixed to nickel80Fe20(2nm)/Co50Fe50 
(3nm) and thin film insertion layer Co90FelO is inserted in the magnetization free layer 20, it can be 
said from increase of AdeltaR, and a viewpoint of control of He that it is practical to be referred to as 
0.25nm or more 2.5nm or less as for the thickness of the thin film insertion layer 34. 
[0103] Next, the result of having examined the ingredient of a thin film insertion layer inserted in a 
magnetization fixing layer and a magnetization free layer as the 5th thru/or the 12th example of this 
invention is explained. 

[0104] (The 5th example) The magneto-resistive effect component of the structure illustrated to 
drawing 1 was first produced as the 5th example of this invention. The film configuration is as 
follows. 

Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (3nm) 

Thin film insertion layer 34 : X (2nm) 

Nonmagnetic interlayer 18 : Cu (3nm) 

Thin film insertion layer 32 : X (2nm) 

A part of magnetization fixing layer 16: Co90FelO (3nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Here, five kinds of Fe-Co system alloys (Co, Co90 FelO, Fe50 Co50, Fe80 Co20, Fe) were used as 
an ingredient X of the thin film insertion layers 32 and 34, respectively. The ingredient of the thin 
film insertion layers 32 and 34 and relation with obtained AdeltaR are shown below. 
X : AdeltaR (momegamum2) Co : 0.6 Co90Fel0 : 0.8 Fe50Co50 : 1.55Fe80Co20 : 1.45Fe : 1.35 - 
in addition — here — presentation X — Co90FelO it is — since a case serves as the same presentation 
as other parts of the magnetization fixing layer 16 and the magnetization free layer 20, distinction of 
the thin film insertion layers 32 and 34 is not attached. Fe50 to which the crystal structure serves as a 
body center cubic from the above-mentioned result when a Fe-Co system alloy is used as an 
ingredient of the thin film insertion layers 32 and 34 — Co50 and Fe80 — when Co20 and Fe were 
inserted, it became clear that the effectiveness of increasing AdeltaR was acquired. If it resulted 
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contrary to this when Co was used, it also became clear that AdeltaR decreased from insertion 
before. 

[0105] Therefore, when using a Fe-Co system alloy as an ingredient of the thin film insertion layers 
32 and 34, it is desirable to use the thing of the presentation from which the crystal structure serves 
as a body center cubic. 

[0106] (The 6th example) Next, the magneto-resistive effect component which has the following 
film configurations as the 6th example of this invention was created. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (3nm) 

Thin film insertion layer 34 : X (2nm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : X (2nm) 

A part of magnetization fixing layer 16: Co90FelO (3nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Here, five kinds of Fe-nickel system alloys (nickel, nickel80 Fe20, Fe50 nickelSO, Fe90 nickellO, 
Fe) were used as an ingredient X of the thin film insertion layers 32 and 34, respectively. The 
ingredient of the thin film insertion layers 32 and 34 and relation with obtained AdeltaR are shown 
below. 

X : AdeltaR (momegamum2) 

It does not insert. : 0.8nickel : 0.3 nickel80Fe20 : 0.4 nickel50Fe50 : 0.9Fe90nickellO : 1.3Fe : Fe90 
to which the crystal structure serves as a body center cubic from the result of the 1 .35 above also 
when a Fe-nickel system alloy is used as an ingredient of the thin film insertion layers 32 and 34 - 
when nickellO and Fe were inserted, it became clear that the effectiveness of increasing AdeltaR was 
acquired. Contrary to this, they are nickel or nickel80Fe20. If it resulted when it used, it also became 
clear that AdeltaR decreased from insertion before. 

[0107] Therefore, also when using a Fe-nickel system alloy as an ingredient of the thin film insertion 
layers 32 and 34, it is desirable to use the thing of the presentation from which the crystal structure 
serves as a body center cubic. 

[0108] (The 7th example) Next, the magneto-resistive effect component which has the following 
film configurations as the 7th example of this invention was created. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (3nm) 

Thin film insertion layer 34 : X (2nm) 

Nonmagnetic interlayer 18 : Cu (3nm) 

Thin film insertion layer 32 : X (2nm) 

A part of magnetization fixing layer 16: Co90FelO (3nm) 

Antiferromagnetism layer 14 :P. tMn (15rtm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Here, five kinds of Co-nickel system alloys (nickel, nickel80 Co20, Fe50 Co50, Co90 nickellO, Co) 
were used as an ingredient X of the thin film insertion layers 32 and 34, respectively. The ingredient 
of the thin film insertion layers 32 and 34 and relation with obtained AdeltaR are shown below. 
X : AdeltaR (momegamum2) 

It does not insert. : 0.8nickel : 0.3 nickel80Co20 : It 0.5 nickel50Co50 : Became clear 
[ 1.0Co90nickellO : / 0.8Co : ] that the effectiveness of increasing AdeltaR from the result of the 0.6 
above in near the presentation of nickel50Co50 when a Co-nickel system alloy is used as an 
ingredient of the thin film insertion layers 32 and 34 was acquired. And when the presentation nickel 
or near Co was adopted, it also became clear that AdeltaR decreased from insertion before. 
[0109] (The 8th example) Next, the magneto-resistive effect component which has the following 
film configurations as the 8th example of this invention was created. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (3nm) 
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Thin film insertion layer 34 : X (2nm) 

Nonmagnetic interlayer 18 : Cu (3nm) 

Thin film insertion layer 32 : X (2nm) 

A part of magnetization fixing layer 16: Co90FelO (3nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

97 (Fe50Co50)Z3 which made Fe50Co50 do 3at(s)(atom) % content of Element Z (Cu, Ti, Ga, Hf, 
or Mn) as an ingredient X of the thin film insertion layers 32 and 34 here It used. The relation 
between the element Z added to Fe50Co50 and obtained AdeltaR is shown below. 
Z : AdeltaR (momegamum2) 

When it did not add but Fe50Co50 alloy as a thin film insertion layer was made to contain these 
elements in a minute amount from the result of the : 2.7Mn : 2.2 above, it turned out that AdeltaR 
increases. : 1.55Cu : 2.9 Ti : 2.7 Ga : 2.4Hf Although content about 30 atoms % extent had the 
effectiveness of increase of AdeltaR, respectively as a result of investigating still more 
quantitatively, it is remarkable at the time of below 10 atom %, and it became clear desirably that 
effectiveness is large in carrying out to below 10 atom % more than pentatomic %. 
[0110] Moreover, even if it made Cr, V, Ta, Nb, Zn, nickel, or Sc other than the above-mentioned 
element contain, AdeltaR increased. Furthermore, effectiveness was seen also when germanium, Y, 
Tc, Re, Ru, Rh, Ir, Pd, Pt, Ag, Au, B, aluminum, In, C, Si, Sn, calcium, Sr, Ba, O, N, or F was 
included. 

[0111] (The 9th example) Next, the magneto-resistive effect component which has the following 
film configurations as the 9th example of this invention was created. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (3nm) 

Thin film insertion layer 34 : X (2nm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : X (2nm) 

A part of magnetization fixing layer 16: Co90FelO (3nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Fe 97Z3 which made iron (Fe) do 3at(s)(atom) % content of Element Z (Cr, V, Ta, Nb, Cu, Zn, or 
Ga) as an ingredient X of the thin film insertion layers 32 and 34 here It used. The relation between 
an alloying element Z and obtained AdeltaR is shown below. 
Z : AdeltaR (momegamum2) 

When it did not add but the iron as a thin film insertion layer was made to contain the above- 
mentioned element in a minute amount from the result of the : 1.45Cu : 1.80Zn : 1.75Ga : 1.70 
above, it turned out that AdeltaR increases. : 1.35Cr : 1.45V : 1.45Ta : 1.45Nb Although content 
about 30 atoms % extent had the effectiveness of increase of AdeltaR, respectively as a result of 
investigating still more quantitatively, it is remarkable at the time of below 10 atom %, and it 
became clear desirably that effectiveness is large in carrying out to below 10 atom % more than 
pentatomic %. 

[01 12] Moreover, even if it made Co, nickel, Sc, germanium, Y, Tc, Re, Ru, Rh, Ir, Pd, Pt, Ag, Au, 
B, aluminum, In, C, Si, Sn, calcium, Sr, Ba, O, N, or F other than the above-mentioned element 
contain, AdeltaR increased. Moreover, also in the Fe-Co alloy with which Fe occupies more than 50 
atom %, the Fe-nickel alloy, or the Fe-Co-nickel alloy with which Fe occupies more than 25 atom %, 
the same effectiveness was acquired as a host phase besides Fe. 

[0113] (The 10th example) Next, the magneto-resistive effect component which has the following 
film configurations as the 10th example of this invention was created. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (3nm) 
Thin film insertion layer 34 : X (2nm) 
Nonmagnetic interlayer 18 : Cu (3nm) 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/24/2004 



Page 17 of 26 



Thin film insertion layer 32 : X (2nm) 

A part of magnetization fixing layer 16: Co90FelO (3nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Co 97Z3 which made cobalt (Co) do 3at(s)(atom) % content of Element Z (Sc, Ti, Mn, Cu, or Hf) as 
an ingredient X of the thin film insertion layers 32 and 34 here It used. The relation between an 
alloying element Z and obtained AdeltaR is shown below. 
Z : AdeltaR (momegamum2) 

When it did not add but the cobalt as a thin film insertion layer was made to contain the above- 
mentioned element in a minute amount from the result of the 1.0 above, it turned out that AdeltaR 
increases. : 0.6Sc : l.OTi : 1.2Mn : l.OCu : 1.5Hf : Although content about 30 atoms % extent had 
the effectiveness of increase of AdeltaR, respectively as a result of investigating still more 
quantitatively, it is remarkable at the time of below 10 atom %, and it became clear desirably that 
effectiveness is large in carrying out to below 10 atom % more than pentatomic %. 
[0114] Moreover, even if it made either [ other than the above-mentioned element ] Fe, nickel, Cr, V, 
Ta, Nb, Zn, Ga, germanium, Zr, Y, Tc, Re, Ru, Rh, Ir, Pd, Pt, Ag, Au, B, aluminum, In, C, Si, Sn, 
calcium, Sr, Ba, O, N or F contain, AdeltaR increased. Moreover, also in the Co-Fe alloy with which 
cobalt occupies more than 50 atom %, the Co-nickel alloy, or the Fe-Co-nickel alloy with which 
cobalt occupies more than 25 atom %, the same effectiveness was acquired as a host phase besides 
cobalt. 

[01 15] (The 1 1th example) Next, the magneto-resistive effect component which has the following 
film configurations as the 1 1th example of this invention was created. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (3rtm) 

Thin film insertion layer 34 : X (2nm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : X (2nm) 

A part of magnetization fixing layer 16: Co90FelO (3nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

nickel 97Z3 which made nickel (nickel) do 3at(s)(atom) % content of Element Z (Ti, Mn, Zn, Ga, 
germanium, Zr, or Hf) as an ingredient X of the thin film insertion layers 32 and 34 here It used. The 
relation between an alloying element Z and obtained AdeltaR is shown below. 
Z : AdeltaR (momegamum2) 

When it did not add but the nickel as a thin film insertion layer was made to contain the above- 
mentioned element in a minute amount from the result of the : 0.9germanium : 0.8Zr : l.OHf : 1.2 
above, it turned out that AdeltaR increases. : 0.3Ti : 0.8Mn : 0.9Zn : l.OGa Although content about 
30 atoms % extent had the effectiveness of increase of AdeltaR, respectively as a result of 
investigating still more quantitatively, it is remarkable at the time of below 10 atom %, and it 
became clear desirably that effectiveness is large in carrying out to below 10 atom % more than 
pentatomic %. 

[0116] Moreover, even if it made either [ other than the above-mentioned element ] Fe, Co, Cr, V, 
Ta, Nb, Sc, Cu, Y, Tc, Re, Ru, Rh, Ir, Pd, Pt, Ag, Au, B, aluminum, In, C, Si, Sn, calcium, Sr, Ba, O, 
N or F contain, AdeltaR increased. Moreover, also in the nickel-Fe alloy with which nickel occupies 
more than 50 atom %, the nickel-Co alloy, or the Fe-Co-nickel alloy with which nickel occupies 
more than 25 atom %, the same effectiveness was acquired as a host phase besides nickel. 
[0117] (The 12th example) Next, the magneto-resistive effect component which has the following 
film configurations as the 12th example of this invention was created. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (3nm) 
Thin film insertion layer 34 : X (2-2. 3nm) 
Nonmagnetic interlayer 1 8 : Cu (3nm) 
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Thin film insertion layer 32 : X (2-2. 3nm) 

A part of magnetization fixing layer 16: Co90FelO (3nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Here, the following four kinds were used as an ingredient X of the thin film insertion layers 32 and 
34. (l)Fe50Co50(2nm) 

(2) (Fe50Co50)97Cu3 (2nm) 

(3) (Fe50Co50(lnm)/Cu(0.1nm)/Fe50Co50(lnm)) 

(4) (Fe50Co50(0.7nm)/Cu(0. lnm)/Fe50Co50(0.7nm)/Cu(0. lnm)/Fe50Co50(0.7nm)) 

In addition, these laminated structures express the sequence from a lower electrode side. The relation 
between the presentation X of the thin film insertion layers 32 and 34 and obtained AdeltaR is shown 
below. 

X : AdeltaR (momegamum2) 

(1) : 1.55 (2) : 2.9 (3) : 3.1 (4) : The result of the 3.3 above shows that the direction at the time of 
inserting Cu layer periodically rather than the time of making homogeneity contain Cu into 
Fe50Co50 can obtain larger AdeltaR. 

[0118] 0.03nm or more lnm or less thickness to which this inclination may exist as body-centered 
cubic structure not only in Cu but in a Fe-Co alloy, Chromium (Cr), vanadium (V), a tantalum (Ta), 
niobium (Nb), A scandium (Sc), titanium (Ti), manganese (Mn), zinc (Zn), A gallium (Ga), 
germanium (germanium), a zirconium (Zr), A hafnium (Hf), an yttrium (Y), a technetium (Tc), A 
rhenium (Re), a ruthenium (Ru), a rhodium (Rh), iridium (Ir), Palladium (Pd), platinum (Pt), silver 
(Ag), gold (Au), boron (B), Aluminum (aluminum), an indium (In), carbon (C), silicon (Si), It saw 
also about the structure which carried out the laminating of the **** periodically from at least one 
sort of elements chosen from the group which consists of tin (Sn), calcium (calcium), strontium (Sr), 
barium (Ba), oxygen (O), nitrogen (N), and a fluorine (F). 

[0119] (The 13th example) Next, the magneto-resistive effect component which has the following 
film configurations as the 13th example of this invention was created. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (4.5nm) 

Thin film insertion layer 34 : X (0.5nm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : X (0.5nm) 

A part of magnetization fixing layer 16: Co90FelO (4.5nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Here, the ingredient X of a thin film insertion layer was used as the Fel-zCrz alloy. The Cr content Z 
of the thin film insertion layers 32 and 34, the thickness of a thin film insertion layer, and relation 
with obtained AdeltaR are shown below. In addition, the data the case where a thin film insertion 
layer is not prepared, and at the time of inserting 2nm of pure Fe(s) were also shown for the 
comparison. 

Z Thickness : AdeltaR (momegamum2) 

0 ONm : 0.80 (2Nm) : 1.350 (0.5nm) : 0.910 (0.5nm) : 1.330 (0.5nm) : 1.560 (0.5nm) : 1.480 
(0.5nm) : If the result of the 1.2 above is explained First, AdeltaR is increasing from 0.8 
(momegamum2) to 1.35 (momegamum2) by inserting the 2nm thin film insertion layer which 
consists of pure Fe (Z= 0). This can be explained as follows. 

[0120] That is, in the case of such ferromagnetic transition metals, the hybrid band is formed in the 
place where s band, p band, and d band are near in energy. Although it is hard to be scattered about 
since majority spin (a large number spin) has a Fermi level in the energy location from which it 
separated from the hybrid band, minority spin (a small number of spin) is in the condition of being 
easy to be scattered about since it has a Fermi level in a hybrid band region. Minority spin becomes 
one index for ** to discern the size of magnetic-reluctance variation with a Fermi level in the 
location where majority spin separated from the hybrid band how with the Fermi level near the 
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center of a hybrid band from this serving as the origin of a magneto-resistive effect what. 
[0121] Here, transition metals can take a face-centered cubic and a body center cubic typically as the 
crystal structure. Generally by metal systems, such as Fe, Co, and nickel, the Fermi level of minority 
spin is located more in the center of a hybrid band by the body center cubic rather than a face- 
centered cubic. That is, in order to increase a magneto-resistive effect, a body center cubic will be 
good. It is considered that the above mentioned is one of the causes that insert pure Fe as a thin film 
insertion layer in this example, and AdeltaR goes up. 

[0122] by the way, pure — if thickness of Fe is made thin from 2nm to 0.5nm, AdeltaR will decrease 
to 0.9 (momegamum2). This will be considered because it is hard coming to take a body center cubic 
as the crystal structure if Fe becomes very thin. On the other hand, as a result of making a thin film 
insertion layer contain Cr so that a body center cubic may be stabilized and may be obtained in all 
presentation regions, AdeltaR increased from the time of pure Fe (0.5nm). 

[0123] In addition, when the Fe-Cr alloy increases Cr, Curie temperature falls and Cr presentation 
shows a paramagnetism at a room temperature above about 70 at(s)(atom) %. However, Fe-Cr itself 
is very thin, when the ferromagnetic adjoins, induction of the ferromagnetism is carried out and it 
can discover a magneto-resistive effect. 

[0124] (The 14th example) Next, the magneto-resistive effect component which has the following 
film configurations as the 14th example of this invention was created. 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (4.5nm) 

Thin film insertion layer 34 : X (0.5nm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : X (0.5nm) 

A part of magnetization fixing layer 16: Co90Fel0 (4.5nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Here, the ingredient X of a thin film insertion layer was used as the Fel-ZVZ alloy. The V content Z 
of the thin film insertion layers 32 and 34, the thickness of a thin film insertion layer, and relation 
with obtained AdeltaR are shown below. In addition, the data the case where a thin film insertion 
layer is not prepared, and at the time of inserting 2nm of pure Fe(s) were also shown for the 
comparison. 

Z Thickness : AdeltaR (momegamum2) 

0 As mentioned above about the 1.1 8th example, 0nm:1.360(0.5nm): Decrease [ 1.1 80(0. 5nm): ] a 
little the effectiveness that insert Fe of a body center cubic and AdeltaR increases, in the field where 
a thin film insertion layer is very thin. 0.80 (2nm) : 1.350 (0.5nm) : 0.910 (0.5nm) : 1.230 (0.5nm) : 
Then, AdeltaR was recovered when V was made to contain so that a body center cubic may become 
stable. 

[0125] V shows a paramagnetism also for a Fe-V alloy in the presentation field more than about 70 
atoms %. However, Fe-V itself is very thin, when the ferromagnetic adjoins, induction of the 
ferromagnetism is carried out and it can discover a magneto-resistive effect. 

[0126] The increment in AdeltaR accompanying the above stabilization of a body center cubic was 
similarly seen, when the presentation field of a body center cubic of a Fe-Co alloy (below Co: 80 
atom %), a Fe-nickel alloy (below nickel: 10 atom %), a Fe-Rh alloy (Rh:l 1 atom % - 55 atom %), a 
Fe-Ti alloy (Ti:49 atom % - 51 atom %), and a Fe-Co-nickel alloy and the presentation field of a 
body center cubic of a Co-Mn-Fe alloy were used for a thin film insertion layer. 
[0127] Into these alloys, furthermore, Sc, Ti, Mn, Cu, Zn, Ga, germanium, Zr, Hf, Y, Tc, Re, Ru, Rh, 
Ir, Pd, Pt, Ag, Also when at least one sort of elements which are not contained in the alloy which 
serves as a host phase among the groups which consist of Au, B, aluminum, In, C, Si, Sn, calcium, 
Sr, and Ba were added from 0.5 atoms % to 30 atoms %, the effectiveness of AdeltaR increase was 
seen. 

[0128] (The 15th example) Next, the case where the nonmagnetic interlayer 18 is set to Au(gold) is 
explained as the 15th example of this invention. In this example, the magneto-resistive effect 
component which has the following film configurations was created. 
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Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (3nm) 

Thin film insertion layer 34 : X (2nm) 

Nonmagnetic interlayer 18 : Au (3nm) 

Thin film insertion layer 32 : X (2nm) 

A part of magnetization fixing layer 16: Co90FelO (3nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Here, the five-kind Fe-Co system alloy (Co, Co90 FelO, Fe50 Co50, Fe80 Co20, Fe) was used as an 
ingredient X of a thin film insertion layer. The value of obtained AdeltaR is shown below. 
X : AdeltaR (momegamum2) 

Co : 0.3Co90FelO : 0.4Fe50Co50 : 0.9Fe80Co20 : 1.45Fe : 1.7 - as mentioned above, the 
inclination for AdeltaR to be large was acquired for the thing which has high Fe concentration as 
thin film insertion layers 32 and 34 when setting the nonmagnetic interlayer 18 to Au. Thus, it is 
important to choose suitably the ingredient of the thin film insertion layers 32 and 34 according to 
the nonmagnetic interlayer's 1 8 quality of the material because of AdeltaR increase. 
[0129] (The 16th example) Next, the result of having examined the structure of having the tooth- 
back insertion layer 36 as the 16th example of this invention as expressed to draw in g 14 is explained. 
First, the magneto-resistive effect component which has a thin film insertion layer as follows was 
created, and the effectiveness was investigated. 
Sample A: Standard structure ( drawing 1 ) 
Protective layer 22 : Ta (lOnm) 

A part of magnetization free layer 20: Co90FelO (4nm) 

Thin film insertion layer 34 : Fe50Co50 (lnm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

A part of magnetization fixing layer 16: Co90FelO (4nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Sample B: Structure of having the tooth-back insertion layer 36 ( drawing 14 ) 

Protective layer 22 : Ta (lOnm) 

Tooth-back insertion layer 36 : Cu (lnm) 

A part of magnetization free layer 20: Co90FelO (4nm) 

Thin film insertion layer 34 : Fe50Co50 (lnm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

A part of magnetization fixing layer 16: Co90FelO (4nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

AdeltaR of the sample B with the tooth-back insertion layer 36 increased to 1.5 (momegamum2) to 
AdeltaR of Sample A having been 1.2 (momegamum2). This is considered because spin dependence 
interface dispersion has arisen in the interface of the 20/tooth-back insertion layer 36 of 
magnetization free layers. 

[0130] This effectiveness can be acquired similarly [ in the case of the structure which has arranged 

the antiferromagnetism layer 14 which was illustrated to drawing^ 5 to the up side ]. 

[0131] (The 17th example) Next, the result of having examined the effectiveness which inserts a thin 

film insertion layer in the structure of having the tooth-back insertion layer 36, as the 17th example 

of this invention is explained. First, seven kinds of sample C-I was created as a magneto-resistive 

effect component which has a tooth-back insertion layer as follows, and the effectiveness was 

investigated. 

Sample C: With no thin film insertion layer ( drawing 14 ) 
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Protective layer 22 : Ta (lOnm) 
Tooth-back insertion layer 36 : Cu (lnm) 
Magnetization free layer 20 : Co90FelO (5nm) 
Nonmagnetic interlayer 18 : Cu (3nm) 
Magnetization fixing layer 16 : Co90Fel0 (5nm) 
Antiferromagnetism layer 14 :P. tMn (15nm) 
The 2nd substrate layer 12 : NiFeCr (5nm) 
The 1st substrate layer 12 : Ta (5nm) 

Sample D: Insert the thin film insertion layer 32 between the magnetization fixing layer 16 and the 

antiferromagnetism layer 14 ( drawing 16 ). 

Protective layer 22 : Ta (lOnm) 

Tooth-back insertion layer 36 : Cu (lnm) 

Magnetization free layer 20 : Co90FelO (5nm) 

Nonmagnetic interlayer 18 : Cu (3nm) 

A part of magnetization fixing layer 16: Co90FelO (4nm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Sample E: Insert the thin film insertion layer 32 into the magnetization fixing layer 16 ( drawin g 

1-7). 

Protective layer 22 : Ta (lOnm) 

Tooth-back insertion layer 36 : Cu (lnm) 

Magnetization free layer 20 : Co90FelO (5nm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

A part of magnetization fixing layer 16: Co90FelO (2nm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

A part of magnetization fixing layer 16: Co90Fel0 (2nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Sample F: Insert the thin film insertion layer 32 into the magnetization fixing layer 16 and the 

nonmagnetic interlayer 18 ( drawing 18 ). 

Protective layer 22 : Ta (lOnm) 

Tooth-back insertion layer 36 : Cu (lnm) 

Magnetization free layer 20 : Co90FelO (5nm) 

Nonmagnetic interlayer 18 : Cu (3nm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

A part of magnetization fixing layer 16: Co90Fel0 (4nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Sample G: Insert the thin film insertion layer 34 between the nonmagnetic interlayer 18 and the 

magnetization free layer 20 ( drawing 19 ). 

Protective layer 22 : Ta (lOnm) 

Tooth-back insertion layer 36 : Cu (lnm) 

A part of magnetization free layer 20: Co90FelO (4nm) 

Thin film insertion layer 34 : Fe50Co50 (lnm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Magnetization fixing layer 16 : Co90FelO (5nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Sample H: Insert the thin film insertion layer 34 into the magnetization free layer 20 ( drawing 20 ). 
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Protective layer 22 : Ta (lOnm) 

Tooth-back insertion layer 36 : Cu (lnm) 

A part of magnetization free layer 20: Co90FelO (2nm) 

Thin film insertion layer 34 : Fe50Co50 (lnm) 

A part of magnetization free layer 20: Co90FelO (2nm) 

Nonmagnetic interlayer 18 : Cu (3nm) 

Magnetization fixing layer 16 : Co90FelO (5nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Sample I: Insert the thin film insertion layer 34 between the magnetization free layer 20 and the 

tooth-back insertion layer 36 ( drawing 21 ). 

Protective layer 22 : Ta (lOnm) 

Tooth-back insertion layer 36 : Cu (lnm) 

Thin film insertion layer 34 : Fe50Co50 (lnm) 

A part of magnetization free layer 20: Co90FelO (4nm) 

Nonmagnetic interlayer 18 : Cu (3nm) 

Magnetization fixing layer 16 : Co90FelO (5nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

It was as follows as a result of evaluating AdeltaR about these sample C-I. 
Sample AdeltaR (momegamum2) 

C When the 1.1 thin-film insertion layers 32 or 34 had been arranged to the interface (sample F) of 
the 1 6/nonmagnetic interlayer 1 8 of magnetization fixing layers, or the interface (sample G) of the 
20/nonmagnetic interlayer 18 of magnetization free layers, the effectiveness of the increase of 
AdeltaR : Was [ : / 1.2G : / 1.2H : / 1.01 : ] the largest. 0.9D : 1.0E : LOF Moreover, the case (sample 
I) where it inserted in the interface of the 20/tooth-back insertion layer 36 of magnetization free 
layers had effectiveness in the degree. These are considered because spin dependence interface 
dispersion is increasing. 

[0132] On the other hand, Samples D, E, and H are also increasing AdeltaR to some extent. As one 

of the reason of this, it is mentioned that Fe50Co50 of spin dependence bulk dispersion is larger than 

Co90FelO. Moreover, it may originate also in a modulation being added to the band structure of a 

magnetization fixing layer or a magnetization free layer, and the difference of the conductivity of 

majority spin and minority spin being expanded by the laminating of the layer of a face-centered 

cubic [ crystal structure ] and the layer of a body center cubic being carried out. 

[0133] (The 18th example) In the 17th example mentioned above, the effectiveness by the insertion 

point was investigated about the one-layer thin film insertion layer. In this example, it is that 

effectiveness combines the remarkable samples F, G, and I there, and the further increase of AdeltaR 

is attained. The following samples J and K were created as a magneto-resistive effect component 

which specifically has a tooth-back insertion layer as follows, and the property was investigated. It is 

the arrangement protective layer 22 about a sample J:Fe50Co50 thin-film insertion layer to the 

interface of the magnetization fixing layer 16 and the nonmagnetic interlayer 18, and the interface of 

the magnetization free layer 20 and the nonmagnetic interlayer 18. : Ta (lOnm) 

Tooth-back insertion layer 36 : Cu (lnm) 

A part of magnetization free layer 20: Co90FelO (4nm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

Nonmagnetic interlayer 18 : Cu (3nm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

A part of magnetization fixing layer 16: Co90FelO (4nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

It is the arrangement protective layer 22 about a sample K:Fe50Co50 thin-film insertion layer to the 
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interface of the interface of the magnetization fixing layer 16, the nonmagnetic interlayer's 18 

interface and the magnetization free layer 20, the nonmagnetic interlayer 1 8 and the magnetization 

free layer 20, and the tooth-back insertion layer 36. : Ta (lOnm) 

Tooth-back insertion layer 36 : Cu (lnm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

A part of magnetization free layer 20: Co90FelO (4nm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

Nonmagnetic interlayer 1 8 : Cu (3nm) 

Thin film insertion layer 32 : Fe50Co50 (lnm) 

A part of magnetization fixing layer 16: Co90Fel0 (4nm) 

Antiferromagnetism layer 14 :P. tMn (15nm) 

The 2nd substrate layer 12 : NiFeCr (5nm) 

The 1st substrate layer 12 : Ta (5nm) 

Consequently, increase of AdeltaR was acquired as compared with Samples F and G (AdeltaR=1.2 
(momegamum2)) and Sample I (AdeltaR=l.l (momegamum2)) which were as high as 1.7 
(momegamum2) as expected in 1.3 (momegamum2) and Sample K in Sample J as for AdeltaR, and 
inserted one layer of thin film insertion layers in it. 

[0134] (The 19th example) In this example, the top mold spin bulb structure which has arranged the 
antiferromagnetism layer 14 which was illustrated to dr awin g 2 to the up side was manufactured, and 
the property was evaluated. Consequently, the enhancement effect of the magnetic-reluctance 
variation by the thin film insertion layers 32 and 34 and the tooth-back insertion layer 36 was 
accepted like each example mentioned above. 

[0135] (The 20th example) In this example, the effectiveness of the thin film insertion layers 32 and 
34 in the magneto-resistive effect component of "laminating ferry structure" and the tooth-back 
insertion layer 36 was checked. 

[0136] Drawing 3 is a mimetic diagram showing an example of the cross-section structure of the 
magneto-resistive effect component of laminating ferry structure. That is, the laminating of 1st 
magnetization fixing layer 1 6 A and the 2nd magnetization fixing layer 1 6B is carried out through the 
anti-parallel binder course 40. Thus, also in the magneto-resistive effect component by which the 
magnetization fixing layer was made laminating ferry structure, the enhancement effect of the 
magnetic-reluctance variation by the thin film insertion layers 32 and 34 and the tooth-back insertion 
layer 36 was accepted like each example mentioned above. 

[0137] Moreover, d rawin g 22 is a mimetic diagram showing other examples of the cross-section 
structure of the magneto-resistive effect component of laminating ferry structure. 
[0138] Namely, the magneto-resistive effect component of this drawing The three-tiered structure of 
the lower electrode 54, the substrate layer 12, the antiferromagnetism layer 14, 1st magnetization 
fixing layer 16A and the anti-parallel binder course 40, the magnetization fixing layer 16 which has 
the three-tiered structure of 2nd magnetization fixing layer 16B and the nonmagnetic interlayer 18, 
1st magnetization free layer 20A and the anti -parallel binder course 40, and 2nd magnetization free 
layer 20B It has the structure which carried out the laminating of the magnetization free layer 20 
which it has, a protective layer 22, and the up electrode 52 to this order. 

[0139] Thus, also in the magneto-resistive effect component by which the magnetization fixing layer 
1 6 and the magnetization free layer 20 were made laminating ferry structure, respectively, the 
enhancement effect of the magnetic-reluctance variation by the thin film insertion layers 32 and 34 
and the tooth-back insertion layer 36 was accepted like each example mentioned above. 
[0140] (The 21st example) In this example, the effectiveness of the thin film insertion layer in the so- 
called "dual type" of magneto-resistive effect component and a tooth-back insertion layer was 
checked. 

[0141] Drawing_23 is a mimetic diagram which illustrates the cross-section structure of the magneto- 
resistive effect component of a dual mold. That is, the magneto-resistive effect component of this 
drawing has the structure which carried out the laminating of the lower electrode 54, the substrate 
layer 12, antiferromagnetism layer 14of ** 1st A, 1st magnetization fixing layer 16A, 1st 
nonmagnetic interlayer 18A, the magnetization free layer 20, nonmagnetic interlayer 18of ** 2nd B, 
2nd magnetization fixing layer 16B, 2nd antiferromagnetism layer 14B, a protective layer 22, and 
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the up electrode 52 to this order. 

[0142] Also in the magneto-resistive effect component of such dual structure, like each example 
mentioned above, the enhancement effect of the magnetic-reluctance variation by the thin film 
insertion layers 32 and 34 and the tooth-back insertion layer 36 was accepted, and the 3 times [ 1 .5 
to ] as many magnetic-reluctance variation of a standard magneto-resistive effect component which 
has the magnetization fixing layer and magnetization free layer of a pair as this was shown. 
[0143] (The 22nd example) In this example, the effectiveness of the thin film insertion layer in the 
magneto-resistive effect component which a magnetization fixing layer and a magnetization free 
layer become from the layered product which carried out the laminating of a ferromagnetic layer and 
the non-magnetic layer by turns, respectively, and a tooth-back insertion layer was checked. 
[0144] Drawing 4 is a mimetic diagram showing the cross-section structure of the magneto-resistive 
effect component of this example. That is, this magneto-resistive effect component has the structure 
which carried out the laminating of the magnetization free layer 20 which consists of a layered 
product which carried out the laminating of the magnetization fixing layer 16 which consists of a 
layered product which carried out the laminating of the lower electrode 54, the substrate layer 12, the 
antiferromagnetism layer 14, the ferromagnetic layer F, and the non-magnetic layer N by turns, the 
nonmagnetic interlayer 18, the ferromagnetic layer F, and the non-magnetic layer N by turns, a 
protective layer 22, and the up electrode 52 to this order. 

[0145] In the magnetization fixing layer 16 magnetization free layer 20 of this component, the 
ferromagnetic layer F is carrying out ferromagnetic association through the non-magnetic layer N. 
[0146] Also in the magneto-resistive effect component of such a laminated structure, the 
enhancement effect of the magnetic-reluctance variation by the thin film insertion layers 32 and 34 
and the tooth-back insertion layer 36 was accepted like each example mentioned above. That is, in 
the case of this example, increase of magnetic-reluctance variation was accepted by considering as a 
presentation which was explained in each example which mentioned above either of two or more 
ferromagnetic layers F which constitute the magnetization fixing layer 16 and the magnetization free 
layer 20, respectively, and the thin film insertion layer of the crystal structure. 
[0147] (The 23rd example) In this example, the effectiveness of the thin film insertion layer in the 
magneto-resistive effect component which a magnetization fixing layer and a magnetization free 
layer become from the layered product which carried out the laminating of two kinds of 
ferromagnetic layers Fl and F2 by turns, respectively, and a tooth-back insertion layer was checked. 
[0148] Drawin g 4 is a mimetic diagram showing the cross-section structure of the magneto-resistive 
effect component of this example. Namely, this magneto-resistive effect component The 
magnetization free layer 20 which consists of a layered product which carried out the laminating of 
the magnetization fixing layer 16 which consists of a layered product which carried out the 
laminating of the lower electrode 54, the substrate layer 12, the antiferromagnetism layer 14, the 1st 
ferromagnetic layer Fl, and the 2nd ferromagnetic layer F2 by turns, the nonmagnetic interlayer 18, 
the 1st ferromagnetic layer Fl, and the 2nd ferromagnetic layer F2 by turns, It has the structure 
which carried out the laminating of a protective layer 22 and the up electrode 52 to this order. 
[0149] Also in the magneto-resistive effect component of such a laminated structure, the 
enhancement effect of the magnetic-reluctance variation by the thin film insertion layers 32 and 34 
and the tooth-back insertion layer 36 was accepted like each example mentioned above. That is, in 
the case of this example, increase of magnetic-reluctance variation was accepted by considering as a 
presentation which was explained in each example which mentioned above either of the 1st [ which 
constitutes the magnetization fixing layer 16 and the magnetization free layer 20, respectively ], and 
2nd ferromagnetic layers Fl and F2, and the thin film insertion layer of the crystal structure. 
[0150] (The 24th example) Next, the magnetic-reproducing equipment which carried the magneto- 
resistive effect component of this invention is explained as the 24th example of this invention. That 
is, the magneto-resistive effect component of the perpendicular energization mold of this invention 
mentioned above about drawing 1 thru/or drawing^23 is included in the magnetic-head assembly of 
for example, record playback one apparatus, and can be carried in a magnetic recorder and 
reproducing device. 

[0151] Drawing 24 is an important section perspective view which illustrates the outline 
configuration of such a magnetic recorder and reproducing device. That is, the magnetic recorder and 
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reproducing device 150 of this invention is equipment of the format which used the rotary actuator. 
In this drawing, a spindle 1 52 is equipped with the medium disk 200 for magnetic recording, and it 
rotates in the direction of an arrow head A by the motor which answers a control signal from the 
driving gear control section which is not illustrated and which is not illustrated. The magnetic 
recorder and reproducing device 150 of this invention is good also as a thing equipped with two or 
more medium disks 200. 

[0152] moreover, the medium disk 200 — the magnetization direction of a record bit — a disk side 
and abbreviation — the so-called thing of an parallel "recording method within a field 1 ' — ****** — 
or the magnetization direction of a record bit — a disk side — receiving ~ abbreviation — the thing of 
a perpendicular "vertical recording method" may be used. 

[0153] The head slider 153 which performs record playback of the information stored in the medium 
disk 200 is attached at the tip of the thin film-like suspension 154. Here, the head slider 153 carries 
the magneto-resistive effect component or the magnetic head of a perpendicular energization mold 
which starts the gestalt of one of operations mentioned above, for example near [ the ] a tip. 
[0154] Rotation of the medium disk 200 holds the medium opposed face (ABS) of the head slider 
153 with the predetermined flying height from the front face of the medium disk 200. Or a slider 
may be the so-called "contact transit mold" in contact with the medium disk 200. 
[0155] The suspension 154 is connected to the end of the actuator arm 155 which has the bobbin 
section holding the drive coil which is not illustrated etc. The voice coil motor 156 which is a kind of 
a linear motor is formed in the other end of an actuator arm 155. A voice coil motor 156 consists of a 
drive coil which was able to be wound up in the bobbin section of an actuator arm 155 and which is 
not illustrated, and a magnetic circuit which consists of a permanent magnet countered and arranged 
so that this coil may be put, and opposite York. 

[0156] An actuator arm 155 is held by the ball bearing which was prepared in two upper and lower 
sides of a spindle 157 and which is not illustrated, and has come to be able to perform rotation 
sliding free with a voice coil motor 156. 

[0157] Drawin g 25 is the expansion perspective view which looked at the magnetic-head assembly 
of an actuator arm 155 to the point from the disk side. That is, the magnetic-head assembly 160 has 
the actuator arm 155 which has the bobbin section holding a drive coil etc., and the suspension 154 is 
connected to the end of an actuator arm 155. The head slider 153 possessing the perpendicular 
energization mold magneto-resistive effect component of this invention which was mentioned above 
about drawing 1 thru/or drawing 23 is attached at the tip of a suspension 154. A suspension 154 has 
the writing of a signal, and the lead wire 164 for reading, and this lead wire 164 and each electrode 
of the magnetic head included in the head slider 153 are connected electrically. 165 in drawing is the 
electrode pad of the magnetic-head assembly 160. 

[0158] According to this invention, high reading of sensibility of magnetic-reluctance variation 
becomes possible greatly by providing the magneto-resistive effect component of a perpendicular 
energization mold which was mentioned above about drawing 1 thru/or drawing 23 . It becomes 
possible to read certainly the feeble signal magnetically recorded on the magnetic-recording medium 
disk 200 with recording density sharply higher than before as the result. 

[0159] In the above, the gestalt of operation of this invention was explained, referring to an example. 
However, this invention is not limited to these examples. For example, it is included by the range of 
this invention, as long as it can carry out this invention similarly and the same effectiveness can be 
acquired about configurations and the quality of the materials, such as the concrete dimension 
relation and the concrete ingredient of each element which constitutes the magneto-resistive effect 
film, other electrodes, bias impression film, and an insulator layer, when this contractor chooses 
from a public domain suitably. 

[0160] Moreover, as mentioned above, components, such as an antiferromagnetism layer in a 
magneto-resistive effect component, a magnetization fixing layer, a nonmagnetic interlayer, and a 
magnetization free layer, are good also as structure which could form as a monolayer, respectively or 
carried out the laminating of the two or more layers. 

[0161] Moreover, in case the magneto-resistive effect component of this invention is applied to the 
magnetic head for playback, the magnetic head of record playback one apparatus is obtained by 
adjoining this, writing in and preparing the magnetic head of business. 
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[0162] Furthermore, the so-called fixed thing regularly equipped with the specific magnetic- 
recording medium is sufficient as the magnetic-reproducing equipment of this invention, and, on the 
other hand, the so-called thing of the "removable" method which can substitute a record medium is 
sufficient as it. 

[0163] Furthermore, the magneto-resistive effect component of this invention uses and is suitable 
also for magneto-resistive effect memory (MRAM). 

[0164] In addition, all the magneto-resistive effect components, the magnetic head, and the magnetic 
storage regenerative apparatus which this contractor can carry out by carrying out a design change 
suitably also belong to the range of this invention similarly based on the magnetic head and the 
magnetic storage regenerative apparatus which were mentioned above as a gestalt of operation of 
this invention. 
[0165] 

[Effect of the Invention] As explained in full detail above, by inserting the thin film insertion layer or 
tooth-back insertion layer which has a peculiar presentation or the peculiar crystal structure in the 
magneto-resistive effect film of the magneto-resistive effect component of the perpendicular 
energization mold which has this invention ****** and spin bulb structure, big resistance variation 
is obtained and reading of the high sensitivity which was not able to be realized can be realized with 
the perpendicular energization mold magneto-resistive effect component of the conventional spin 
bulb structure. 

[0166] As the result, high-speed magnetic-recording playback is attained with recording density 
higher than before, and the merit on industry is great. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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